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The Work d e s c r ib e d  i n  t h i s  T h e s i s  has not been  s u b m itte d  t o  any o t h e r  
U n iv e r s i t y  f o r  a d e g r e e .
Some o f  th e  m a t e r i a l  p re sen ted  h a s  been p u b l ish e d  and c o p ie s  o f  
p u b l i c a t io n s  a r e  in c lu d ed  i n  t h e  a p p r o p r ia te  s e c t i o n s .
Where use has been made o f  p u b l i c a t i o n s  r e l e v a n t  t o  t h i s  work 
a p p r o p r ia te  r e f e r e n c e s  have b een  g iv e n .
A l l  o t h e r  work and c o n c lu s i o n s  a r e  th o se  o f  th e  a u t h o r  u n l e s s  o th erw ise  
s t a t e d .
Signed
C a n d id ate
SUMMAhY
An 8 GHz 10 Watt G&As FET power a m p l i f i e r  has  been developed t o  
r e p l a c e  th e  TWT i n  th e  d i g i t a l  microwave sy s tem . For  a s i n g l e  b i t  
s tream  o f  91*04  M b it/ s ,  t h e  r e s id u a l  b i t  e r r o r  r a t e  a t  40  dBm output 
power l e v e l  i s  1 . 0  X lO- ^  compared w ith  1 . 0  X 1 0 f o r  t h a t  o f  TWT.
F or  m inim izing  th e  n o n - l i n e a r i t y  o f  th e  a m p l i f i e r ,  th e  c o n s ta n t  
g a te  v o l ta g e  b i a s i n g  network has been used and op tim iz e d ,  w i th  th e  
a id  o f  a u tom atic  n o n - l i n e a r i t y  measurement te ch n iq u e  developed i n  
th e  t h e s i s .  The AI^AM c o n v e r s io n  r a t i o  i s  0 . 3 7 5  dB/dB and PM^ AM 
i s  0 .8 4 °/ d B  a t  r a t e d  output power l e v e l  o f  th e  a m p l i f i e r .
The t o t a l  m e a n - t im e -b e tw e e n - fa i lu r e  o f  th e  a m p l i f i e r  i s
3 5 0 ,0 0 0  h o u rs .  The n e g a t i v e  r e s i s t a n c e  e f f e c t s  i n  the  power GaAs FET
i s  a l s o  s tu d ied
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ICHAPTER I  INTRODUCTION
The high output power G all iu m  A rsen id e  F i e l d  E f f e c t  T r a n s i s t o r ( GaAs 
FET ) was f i r s t  announced i n  1973 by L . Napoli ( 1 )  and M. Fukuta ( 2 ) .  
S in c e  th e n ,  GaAs FET te c h n o lo g y  has advanced rem arkably , and th e  GaAs 
FET has  become th e  m ainstay  f o r  h igh  power s o l i d  s t a t e  microwave d e v ic e s .
The GaAs FET i s  a  t h r e e - t e r m i n a l  d e v ic e  w ith  h ig h e r  output power and 
e f f i c i e n c y  th a n  o t h e r  sem icondu ctor  d e v ic e s  such as  th e  Gunn and Impatt 
d io d e s .
At p r e s e n t ,  a  h ig h  power GaAs FET i s  c a p a b le  o f  producing 10 W a tts  
o f  1 dB g a in  com p ress ion  power w ith  8 dB g a in  and 43% power added 
e f f i c i e n c y  a t  8 GHz (3 ) «  T h i s  s u g g e s ts  t h a t  GaAs FET a m p l i f i e r  c a n  
r e p l a c e  TWTs f o r  some a p p l i c a t i o n s .
A TWT( T r a v e l i n g  Wave Tube) i s  u s e f u l  microwave a m p l i f i e r  w i th  an 
e x c e l l e n t  p e rfo rm an ce ,  and i s  used i n  g r e a t  numbers - fo r  t e r r e s t r i a l  
r a d io  r e l a y  s y s te m s ,  s a t e l l i t e  com m unications, and r a d a r  s y s te m s .
However , b eca u se  th e  TWT has  a r e l a t i v e l y  s h o r t  l i f e  ,and
i t  o p e r a te s  a t  h ig h  v o l t a g e ,  t h e r e  has  been p re s s u re  t o  d evelop  a  
s o l i d  s t a t e  power a m p l i f i e r  (SbPA) t o  r e p l a c e  i t ( 4 ) - ( l 0 ) .
1 . 1  E v a lu a t io n  o f .  GaAs FET (1 1)
The c o n s t r u c t i o n  o f  a  t y p i c a l  CaAa FET i s  shown i n  F ig u re  1 . 1 . 1 .
The d e v ic e  o p e r a t e s  a s  f o l l o w s .  When a  DC v o l ta g e  i s  a p p l ie d  between 
th e  g a te  and th e  s o u r c e ,  t h e  S c h o t tk y  b a r r i e r  d e p le t io n  l a y e r  t h i c k n e s s  
o f  th e  g a te  v a r i e s ,  and t h i s  v a r i a t i o n  i s  used t o  c o n t r o l  th e  d r a i n  to  
so u rce  c u r r e n t  I ^ # .  The e q u iv a le n t  c i r c u i t  o f  a  GaAs FET i n  th e
microwave r e g io n  i s  shown i n  F ig u re  1 . 1 . 2 .  Using th e  e q u iv a le n t  c i r c u i t  
p a ra m e te rs ,  t h e  d e v ic e  c u r r e n t  c u t - o f f  fre q u e n cy  Ft  i s  e x p re s s e d  a s  
f o l l o w s ;
*m 1
=  — --------------------- —  ©C ------
2 *"< Ceg 4 Cdg ) 
where L i s  th e  g a te  l e n g t h .
( 1 . 1 . 1 )
1
tn e  e le m e n ts  ( C C_, ) r e p r e s e n t  t h e  t o t a l  g a t e - t o - c h a n n e l3g dg
c a p a c i t a n c e ;  th e  tra n sc o n a u c ta n c e  g^  r e l a t e s  HP s i g n a l  c u r r e n t  i dg t o  
th e  v o l ta g e  a c r o s s  Cgg•
F ig u re  1 . 1 . 1  c r o s s  s e c t i o n  o f  a GaAs FET. R e f . ( l l )
Gate
: Drain cond u ctance
R^: Channel r e s i s t a n c e
Rg : R e s i s t a n c e  o f  so u rce  e l e c t r o d e  
and s o u r c e  c o n t a c t  r e s i s t a n c e
D rain
Rg: R e s i s t a n c e  o f  g a te  e l e c t r o d e
L : Common so u rce  lea d  in d u cta n ce  s
: H i l l e r  fe e d b a ck  c a p a c i ta n c e
F ig u re  1 . 1 . 2  E q u iv a le n t  c i r c u i t  o f  a  FET i n c l u d i n g  p a r a s i t i c  e le m e n ts .  
R e f . ( l i )
2
l
As shown i n  e q u a t io n  ( 1 . 1 . l ) ,  th e  s h o r t e r  th e  g a te  l e n g t h (  L ) ,  the  
h ig h e r  th e  va lu e  o f  f ^ .
The b a s i c  d e s ig n  a p p ro a ch  f o r  a  h ig h  power FET i s  t o  co n n ect  s e v e r a l  
sm a ll  output c e l l s  i n  p a r a l l e l ,  t o  i n c r e a s e  th e  breakdown v o lta g e  
between th e  d r a in  and t h e  s o u r c e ,  and t o  a rra n g e  th e  e l e c t r o d e s  in  
p a t t e r n s  g iv in g  th e  s m a l l e s t  thex-mal r e s i s t a n c e .
The s a t u r a t i o n  ou tp u t  power (Ps a ^ ) o f  a  d ev ice  o p e r a t in g  as  c l a s s  
A i s  g iven  by th e  f o l l o w i n g  fo rm u la :
Ps a t ^  T "  W ^ d s  -  Vdss> ( 1 . 1 . 5 )
where I  . i s  th e  s a t u r a t i o n  d r a i n  c u r r e n t ,  BV, i s  th e  breakdown d ss  ds
v o l ta g e  between th e  d r a i n  and th e  s o u r c e ,  and V^ 33 l a th e  d ra in  c u r r e n t  
s a t u r a t i o n  v o l t a g e .
Tab le  1 shows t y p i c a l  v a lu e s  o f  th e  g a te  geometry (V^), th e  
breakdown v o l ta g e  (BVdfl) ,  th e  s a t u r a t e d  d r a i n  c u r r e n t  ( l (j a g ) ,  and th e
output power(P^QB) a t  1 dB g a in  com p ress ion  f o r  v a r io u s  F u j i t s u  FETs.
GaAs FET Wg(r ) BVd s W W W>
FSX51 300 16 60 60 mW
a t  V . -  8V ds f -  8GHz
FSX5k 600 16 150 200 mV
a t  V. — 8V ds f -  8GHz
FLC08 1800 20 250 700 mV 
a t  Vda= 12V f  = 6GHz
Table  1 .  T y p i c a l  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  GaAs FETs
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I1 . 2  Design p h ilosophy o f  a  TWT re p la cem e n t  a m p l i f i e r
TWT a m p l i f i e r  have been th e  backbone o f  modern communication s y s te m s .  
Provid ing high g a in  and h igh  power a c r o s s  a  broad bandwidth, th ey  nave 
s i g n i f i c a n t l y  improved th e  performance o f  microwave t r a n s m i t t e r s  and 
r e c e i v e r s .
But th e  TWT has the  d isad vantag e  o f  a  s h o r t  l i f e  and a h ig h  o p e r a t in g  
v o l t a g e .
I n  d e v e lo p in g  GaAs FET a m p l i f i e r s  t o  re p la c e  TWTs, d e s ig n  i s  based 
on th e  fo l l o w in g  p o i n t s .
1 )  The a m p l i f i e r  must be c o m p a t ib le  w ith  an e x i s t i n g  TWT on a l l  p o in t s ,
i . e .  t h e  e l e c t r i c a l  p e rfo rm an ce .
2 )  The l i n e a r i t y  o f  th e  power a m p l i f i e r  i s  o p t im iz e d .
3 )  Automatic l e v e l  c o n t r o l  (ADC) c i r c u i t  i s  needed f o r  m a in ta in in g  
a  c o n s t a n t  g a in  o f  tn e  a m p l i f i e r  w ith  v a r i a t i o n  i n  t e m p e r a tu r e .
4 )  I n  o r d e r  t o  i n c r e a s e  th e  l i f e  t i m e  o f  the  a m p l i f i e r ,  a  therm al 
study i n  h ig n  power d e v ic e s  i s  r e q u i r e d .
1 . 3  O b je c t iv e s
T h is  t h e s i s  p r e s e n ts  a com plete d e s ig n  study f o r  an 8 GHz, 10  Watt 
s o l id  s t a t e  power a m p l i f i e r  f o r  TWT a m p l i f i e r  rep lacem en t i n  microwave 
d i g i t a l  r a d io  sy s tem . A novel a m p l i f i e r  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n  
i s  d e s c r ib e d  i n  C h ap ter  3«
The a n a l y s i s  and d es ig n  o f  th e  s o l i d  s t a t e  power a m p l i f i e r s  r e q u i r e  
t h a t  th e  n o n l i n e a r  p r o p e r t ie s  o f  th e  a c t i v e  d e v ic e s  a re  w e l l  c h a r a c t e r i z e d .  
The t h i r d  o r d e r  i n t e r c e p t  p o in t  i s  an im a g in a ry  power l e v e l  used t o  i n d i c a t e  
th e  l i n e a r i t y  performance o f  a “w e l l -b e h a v e d "  power a m p l i f i e r  (12 ) ( 1 3 ) .  
U n fo r tu n a te ly ,  GaAs FET power a m p l i f i e r s  a r e  by no means w e l l-b e h a v e d  
d e v ic e s  (1 4 ) *
T h e ir  t h i r d - o r d e r  i n te r m o d u la t io n  d i s t o r t i o n  ( iM D j)cu rv e  does  not 
fo l lo w  th e  2 :1  r e l a t i o n s h i p  w ith  r e s p e c t  t o  th e  fundam ental  s i g n a l ,  nor  
does t h e i r  IMDj curve fo l lo w  th e  3 :1  s l o p e .  C o n seq u en tly ,  t h e i r  IMD  ^ l e v e l  
connot be c a l c u l a t e d  i n . t h e  c o n v e n t io n a l  manner. I n  f a c t ,  f o r  most CaAe FET 
power a m p l i f i e r s  th e  t h i r d  o rd e r  i n t e r c e p t  po in t  i s  m e a n i n g le e s ( l3 ) > A novel 
a u tom a tic  n o n - l i n e a r i t y  measurement o f  GaAs IET power d e v ic e s  o r  a m p l i f i e r s  
i s  p re sen ted  i n  th e  t h e s i s ,  which i s  d e s c r i b e d  i n  C h ap ter  2 .
4
C hapter 6 i s  th e  th e rm a l stud y o f  th e  CaAs FET power a m p l i f i e r ,  a  novel 
con cep t o f  th e  n e g a t i v e  r e s i s t a n c e  due t o  therm al e f f e c t  i n  th e  GaAs FET 
power d e v ic e  i s  d e s c r i b e d .
A computer program developed  by th e  a u th o r  i s  p re sen ted  i n  Chapter 3» 
i t  i s  v ery  u s e f u l  t o o l  f o r  i n t e r - a c t i v e  computer stud y f o r  th e  s t a b i l i t y  
p r o p e r t i e s  o f  a GaAs FET when o p e r a t in g  i n  th e  l i n e a r  r e g io n .
I n  C h a p te r  4 i a  g iv e n  t h e  fundamental d es ig n  metnod o f  
a l i n e a r  a m p l i f i e r  ( a s  a  d r i v e r  o r  p r e - a m p l i f i e r  o f  th e  power a m p l i f ie r ) ^  
u s in g  tn e  Smith c h a r t  f o r  approxim ate  d e s ig n  and o p t im iz a t io n  i s  done 
by co m m e rc ia l ly  a v a i l a b l e  CAB te c h n iq u e :  COMPACT™ o r  SUffiri-COIPACT™ ( l 6)» 
Large s i g n a l  b e h a v io u r  o f  t h e  power GaAs FET d e v ice  i s  a l s o  mentioned 
i n  t h i s  C h a p te r .
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CHAPTER 2 AUTOMATIC C HAH AC TE HI Z AT I  ON FOR THE NONLINEARITY Or' THE 
GaAs FET DEVICES
2 . 1  GENERAL
I t  i s  i m p o r ta n t  t o  c h a r a c t e r i z e  t h e  n o n l i n e a x i t y  o f  b e h a v io u r  
f o r  GaAs FET d e v i c e s  and s o l i d  s t a t e  a m p l i f i e r s ,  e s p e c i a l l y  in  
r e l a t i o n  t o  m icrow ave r a d i o  c o m m u n ic a t io n  s y s t e m s .  T h e  c o n v e r s i o n  
from AM t o  AM and AM t o  PM i n  t h e  a c t i v e  co m p o n e n ts  c a n  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  g ro u p  d e l a y  d i s t o r t i o n ,  d i f f e r e n t i a l  g a i n ,  
d i f f e r e n t i a l  p h a s e  and c o n s e q u e n t l y  i n t e r m o d u l a t i o n  d i s t o r t i o n  
( 1 ) ,  ( 2 ) ,  ( 3 ) .
The am ounts  o f  AM t o  AM c o n v e r s i o n  i n  dB and t h e  d e g r e e  o f  
AM t o  PM c o n v e r s i o n  i n  an  a c t i v e  d e v i c e  n o r m a l l y  depend upon t h e  
o p e r a t i o n  l e v e l  and c h a n g e  w i th  f r e q u e n c y .
The a u to m a te d  m easu rem en t s y s t e m  d e s c r i b e d  i n  t h i s  c h a p t e r  
p e r m i t s  m easurem ent o f  t h e  d e v i a t i o n s  from  l i n e a r i t y  o f  t h e  d e v i c e  
u n der t e s t  ( D . U . T . )  b o t h  i n  g a i n  ( d e l t a - g a i n  ) and p h a s e  
( d e l t a - p h a s e  ) a s  f u n c t i o n s  o f  i n p u t  power l e v e l  and f r e q u e n c y .
The c h a n g e s  in  b i a s i n g  v o l t a g e s  and c u r r e n t s  due t o  RF d r iv e  
a r e  a l s o  m o n i t o r e d .
2 . 2  LINEAR DEVICES
F i g .  2 . 2  i l l u s t r a t e s  t h e  m e a n in g  o f  t h e  te rm  " l i n e a r  d e v i c e " ,
Ampi.
L
F re q u e n c y
w h e re :  ( 1 )  A l i n e a r  c h a n g e  in  t h e  in p u t  r e s u l t «  i n  a l i n e a r  
c h a n g e  i n  t h e  o u t p u t ,  and
( 2 )  The o u tp u t  r e s u l t i n g  from m u l t i p l e  in p u t  s i g n a l s  i s  
t h e  same a s  t h e  sum o f  t h e  o u t p u t s  r e s u l t i n g  f r o *  
i n d i v i d u a l  i n p u t  s i g n a l s .
E x p r e s s e d  more s i m p l y ,  i t  c a n  be s a i d  t h a t  a  s i n e  wave i n p u t  w i l l  
r e s u l t  i n  a  s i n e  wave o u tp u t  a t  t h e  same f r e q u e n c y  w i th  n o t h i n g  
chang ed  e x c e p t  p o s s i b l y  a m p l i t u d e  and p h a s e .
2 . 3  NONLINEAR DEVICES
The o u tp u t  o f  a  n o n l i n e a r  d e v i c e  i s  d e p e n d e n t  on t h e  l e v e l  
o f  t h e  in p u t  s i g n a l  a s  w e l l  a s  t h e  f r e q u e n c y  and u s u a l l y  c o m p r i s e s  
m u l t i p l e  f r e q u e n c i e s ,  a s  shown i n  t h e  F i g u r e  2 . 3 .
= >
Ampi.
F i g u r e  2 . 3  N o n l i n e a r  d e v i c e
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2.4.1 TRANSMISSION MEASUREMENTS
R e f e r e n c e
S i g n a l
POWER SPLITTER
F i g u r e  2 . 4 . 1  T r a n s m i s s i o n  m easurem ent c o n f i g u r a t i o n s
T r a n s m i s s io n  m e a su re m e n ts  c a n  be made u s i n g  e i t h e r  a d i r e c t i o n a l  
c o u p l e r  o r  b road band  power s p l i t t e r ,  a s  shown i n  F i g u r e  2 . 4 . 1 ,  u t i l i z i n g  
t h e  i n c i d e n t  s i g n a l  a s  a r e f e r e n c e .  A d i r e c t i o n a l  c o u p l e r  o f f e r s  
t h e  minimum l o s s  ( u s u a l l y -<"2 dB ) b e tw e e n  t h e  s o u r c e  and t h e  
t e s t  d e v i c e ,  a s  com pared  t o  3 dB f o r  t h e  power s p l i t t e r .  Power 
s p l i t t e r s  t y p i c a l l y  a r e  v e r y  b r o a d b a n d ,  h a v in g  e x c e l l e n t  
f r e q u e n c y  r e s p o n s e ,  and p r e s e n t  a good m a tch  a t  t h e  t e s t  d e v i c e  i n p u t .
9 i
S i n c e  i t  i s  d i f f i c u l t  t o  m e a s u re  v o l t a g e s  d i r e c t l y  a t  RF o r  m i c r o -  
wave f r e q u e n c i e s ,  a  means o f  c o n v e r t i n g  t o  lo w  f r e q u e n c y  i s  r e q u i r e d ,  
w h ich  i s  t h e  f u n c t i o n  o f  h a rm o n ic  m i x i n g .  A m i x e r ,  e n e r g i z e d  by a  
l o c a l  o s c i l l a t o r  i s  used t o  downconvert th e  RF t o  a  c o n s ta n t
I F  f r e q u e n c y ,  w h ich  i s  s e l e c t e d  by t h e  I F  f i l t e r .  T o g e t h e r ,  t h e y  
a c t  a s  a  t u n e d ,  low  n o i s e  r e c e i v e r ,  where t h e  f r e q u e n c y  t u n i n g  and 
s e l e c t i v i t y  a r e  d e t e r m in e d  by t h e  L .O .  f r e q u e n c y  and I F  f i l t e r .
D i s p l a y i n g  t h e  r a t i o  o f  t h e  t r a n s m i t t e d  t o  i n c i d e n t  s i g n a l  
e l i m i n a t e s  t h e  a m b i g u i t y  c a u s e d  by s o u r c e  l e v e l  v a r i a t i o n s  v s .  
f r e q u e n c y .
2.k.2 MAGNITUDE MEASUREMENTS
S i n c e  t h e  r e l a t i v e  m a g n itu d e  and p h a se  i n f o r m a t i o n  a t  RF a r e  
t r a n s f e r r e d  t o  a  c o n s t a n t  I F  f r e q u e n c y ,  a s  shown in  F i g u r e  2 . ^ . 2 ,  
p r e c i s i o n  m a g n itu d e  m e a s u re m e n ts  c a n  be a c c o m p l i s h e d  a t  a  s i n g l e  
low f r e q u e n c y .
The m a g n itu d e  o u tp u t  i s  u s u a l l y  s c a l e d  l o g a r i t h m i c a l l y  ( d B ) .
T r a n s m i t t e d  S i g n a l
I n c i d e n t  S i g n a l
T r a n s m i t t e d  S i g n a l
F i g u r e  2 . ^ . 2  M ag nitu d e  M easurem ents
1 0
2.1+.3 PHASE MEASUREMENTS
P h a s e  m e a s u re m e n ts  a r e  a c c o m p l i s h e d  by c o m p a r in g  t h e  p h a se  
o f  t h e  t r a n s m i t t e d  I F  s i g n a l  w i th  t h a t  o f  t h e  i n c i d e n t  I F  s i g n a l .  
Note t h a t  a r e f e r e n c e  d e r i v e d  from t h e  i n c i d e n t  s i g n a l  i s  r e q u i r e d  
f o r  m e a s u r e m e n ts .  The p h a s e  d e t e c t o r  i s  u s u a l l y  a f l i p - f l o p  
c i r c u i t  t h a t  c a n  m e a su re  up t o  l 80°  d i f f e r e n c e  i n  p e r i o d  ( p h a s e  ) 
o f  t h e  two I F  s i g n a l s .  T h i s  r e s u l t s  i n  t h e  t r a d i t i o n a l  d i s p l a y  
w i th  t h e  l 8 0 °  p h a s e  t r a n s i t i o n s .  Of c o u r s e ,  t h i s  i s  e n t i r e l y  
e q u i v a l e n t  t o  t h e  Bode p l o t  fo rm a t  w here  p h a s e  i s  d i s p l a y e d  
c o n t  i n u o u s l y .
( S e e  F i g u r e  2 . ^ . 3 . )
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F i g u r e  2 . * * . 3  P h a s e  m ea su re m e n ts
1 1
Having r e v ie w e d  t h e  p r i n c i p l e  o f  g a i n  and p h a s e  m e a s u r e m e n ts ,  
we now t a k e  a c l o s e r  l o o k  a t  d e l t a - g a i n  and d e l t a - p h a s e  a u t o m a t i c  
m e a s u re m e n ts .
2 . 5 . 1  MEASUREMENT SYSTEM DESCRIPTION
The s y s te m  used  t o  m e a s u re  d e l t a - g a i n  and d e l t a - p h a s e  i s  shown 
i n  F i g u r e  2 . 5 . 1 .  The p ro g ram m ab le  m icrow ave sweep o s c i l l a t o r  
hp 8350A , w i th  p l u g - i n  hp 83 5 9 2 A  and s o l i d  s t a t e  a m p l i f i e r  i n  c o n j u n c t i o n  
w i t h  v a r i a b l e  a t t e n u a t o r  V I ,  a r e  u se d  t o  g e n e r a t e  a  l e v e l l e d  s i g n a l  o f  
a p p r o p r i a t e  m a g n itu d e  i n  t h e  r e l e v a n t  f r e q u e n c y  r a n g e .  The n e tw o r k  
a n a l y z e r  hpS^lOC w i t h  i t s  p h a s e -m a g n i tu d e  d i s p l a y  h p 8*tl2 i s  u s e d  t o  
m easu re  p h a se  and g a i n  o f  t h e  D . U . T . ,  f a c i l i t a t e d  b y  t h e  i n c o r p o r a t i o n  
o f  a  com p u ter  ( e . g .  h p g S ^  o r  hp98l 6 ) l i n k e d  t o  t h e  s y s te m  v i a  an 
a n a l o g - t o - d i g i t a l  c o n v e r t e r  (hp 5 9 3 1 3 A ) .
A sam ple  o f  i n c i d e n t  s i g n a l  from t h e  h i g h  d i r e c t i v i t y  c o u p l e r ,  
a p p r o p r i a t e l y  a t t e n u a t e d ,  i s  f e d  i n t o  t h e  r e f e r e n c e  c h a n n e l  o f  t h e  
h p 8 4 l lA  Harmonic F r e q u e n c y  C o n v e r t e r  ( H . F . C . ) .  T h e  t r a n s m i t t e d  s i g n a l  
from  t h e  D .U .T .  i s  a t t e n u a t e d  b e f o r e  b e in g  f e d  i n t o  t h e  t e s t  c h a n n e l  
o f  t h e  H .F .C .
Power l e v e l s  o f  b o t h  in p u t  and ou tp u t  s i g n a l s  a r e  m o n i t o r e d  by 
hp^+36A program m able  power m e t e r s .
RF d r i f t  v o l t a g e s  and c u r r e n t s  in  t h e  D . U . f .  a r e  a l s o  m e a su re d  
u t i l i z i n g  t h e  b i a s i n g  c i r c u i t  shown in  F i g u r e  2 . 5 . 3 ,  v i a  an A/D 
c o n v e r t e r  t o  t h e  c o m p u t e r .
2 . 5 . 2  RF POWER LEVEL SETTING FOR H .F .C .
I t  i s  i m p o r ta n t  t o  n o t e  ( S e e  R e f .  5 )  t h a t  : -
1 .  R e f e r e n c e  c h a n n e l  power l e v e l  (m e a s u r in g  t h e  RF power l e v e l  
i n t o  t h e  h arm on ic  f r e q u e n c y  c o n v e r t e r ) m u s t  be b e tw e e n  - 1 6  and -bk dBm.
2 .  T e s t  c h a n n e l  power l e v e l : -  10  dBm t o  t h e  s y s t e m  n o i s e  l e v e l  
( - 7 8  dBm or  below  ) .
3 .  The t e s t  c h a n n e l  c a n n o t  be g r e a t e r  t h a n  2 0  dB o v e r  t h e  
r e f e r e n c e  c h a n n e l ,  i . e . .  I f  t h e  r e f e r e n c e  c h a n n e l  power l e v e l  i s  
-^ 0  dBm, t h e  t e s t  c h a n n e l  power must be - 2 0  dBm o r  l o w e r .
2.5. AUTOMATIC MEASUREMENTS FOR DELTA-GAIN AND DELTA-PHASE
F i g u r e  2 . 5 . 1  A u to m a tic  d e l t a - g a i n  & d e l t a - p h a s e  m e a su re m e n ts
S e t - u p .
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F o r  maximum dynamic r a n g e ,  t h e  t e s t  c h a n n e l  i s  o f f s e t  s o  t h a t  
t h e  in p u t  power l e v e l  i 6 a p p r o x i m a t e l y  - 1 0  dBm w i t h  t h e  r e f e r e n c e  
c h a n n e l  o p e r a t i n g  a t  m i d - r a n g e  o r  - 3 0  dBm, by p l a c i n g  a  3 0 - d B  pad 
i n  t h e  t e s t  c h a n n e l  and a 3 - d B  pad i n  t h e  r e f e r e n c e  c h a n n e l ,  t h e  
dynamic r a n g e  b e i n g  *t7 dB ( -57dBm t o  - lO d B m ) .  T h i s  i s  i l l u s t r a t e d  
i n  F i g u r e  2 . 5 « 2 .
T e s t  C h a n n el  
Power l e v e l
R e f e r e n c e  C h a n n el  
Power l e v e l
-ye -- Upper l i m i t  ( - lO d B m )
Dynamic
ra n g e
i  .. I
0  dBm
..U p per l i m i t  ( - l 6dBm)
Î
2 7  dB o f f s e t
—- - O p e r a t i n g  l e v e l  ( - 3 0 d B m )
. .L o w e r  l i m i t  ( - ^ d B m )
N o ise  l e v e l  o f  H .F .C . ,  
( < - 7 8  dBm)
F i g u r e  2 . 5 . 2 . Power l e v e l  s e t t i n g  f o r  H .F .C .  from p a g e  3 - 7  o f  
HP A p p l i c a t i o n  Note 1 1 7 - 1  ( S e e  R e f .  5 )
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2 . 5 . 3  b i a s  CIRCUIT FOR GaAs FET AMPLIFIERS
F i g u r e  2 . 5 . 3  show s t h e  c o n s t a n t  d r a i n  c u r r e n t  I d s  s u p p l y .
The d r a i n  s e n s i n g  r e s i s t o r  Rd i s  d e t e r m in e d  by
0 . 5  ( V o l t )
Rd —  ---------------------------------------------  Ohms
( I d s s / 2 )  (Amp.)
I d s s  i s  t h e  v a l u e  o f  t h e  d r a i n  c u r r e n t s  I d s  o b t a i n e d  by making 
t h e  g a t e  v o l t a g e  Vgs e q u a l  t o  z e r o  when t h e  d e v i c e  i s  o p e r a t i n g  i n  th e  
p i n c h - o f f  r e g i o n .
The v o l t a g e  d rop  a c r o s s  Rd i s  n o r m a l l y  m a i n t a i n e d  a t  a b o u t  0 . 5  
v o l t ,  and i s  u t i l i z e d  a s  a s e n s o r  f o r  p r o v i d i n g  d r a i n  c u r r e n t  
i n f o r m a t i o n  t o  th e  co m p u te r  v i a  t h e  A/D c o n v e r t e r .
The n e g a t i v e  g a t e  v o l t a g e  s u p p ly  i s  o b t a i n e d  v i a  e x t e r n a l  
f e e d b a c k  c o n t r o l  o f  t h e  o p e r a t i o n a l  a m p l i f i e r ,  t h e  a b s o l u t e  v a l u e  
o f  g a t e  v o l t a g e  b e i n g  s e t  by a 1 K x > _ p o te n t io m e te r .  A 1 0 0  -n- g a t e  
r e s i s t o r  i s  u sed  a s  a s e n s o r  f o r  m o n i t o r i n g  t h e  g a t e  c u r r e n t  
d u r i n g  s y s te m  m e a s u r e m e n ts .
T r a n s i s t o r  Q1 i s  tu r n e d  'ON* t h e  i n s t a n t  t h e  p o s i t i v e  power 
s u p p ly  ( 10 .5  v o l t s  ) i s  s w i t c h e d  on t h u s  c la m p in g  t h e  g a t e  b i a s  
v o l t a g e  o f  t h e  FET t o  - 5  v o l t s  t o  p r e v e n t  any  p o s s i b l e  damage t o  
t h e  d e v i c e .
By u s i n g  o p e r a t i o n a l  a m p l i f i e r s  a s  an  " i n v e r t i n g  a d d e r " ,  a s  
shown in  F i g u r e  2 . 5 . 3  ( b )  and ( c ) ,  t h e  a b s o l u t e  v a l u e s  o f  g a t e  
v o l t a g e ,  d r a i n  v o l t a g e ,  g a t e  c u r r e n t  and d r a i n  c u r r e n t  can  
be d e te r m in e d  d u r in g  a u t o m a t i c  m e a s u r e m e n ts .
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( b )
—^  I g s  ( C h * l )
Vgs ( C h . 3 )
F i g u r e  2 . 5 . 3 .  B i a s  C i r c u i t  f o r  GaAs FET a m p l i f i e r
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2.5.^ METHOD OF MEASUREMENTS
F o r  each  m e a s u re m e n t ,  t h e  sweep o s c i l l a t o r  i s  programmed t o  
' CW • f r e q u e n c y ,  and t h e  c a l i b r a t e d  power l e v e l  i s  s t e p p e d  w i t h i n  
t h e  dynamic r a n g e  o f  i n t e r e s t .  The m a g n itu d e  and p h a s e  i n f o r m a t i o n s  
from  t h e  n e tw o rk  a n a l y z e r  w i t h  s e n s i t i v i t y  s e t t i n g s  o f  50mV/dB and 
lO m V /degree , r e s p e c t i v e l y ,  a r e  d i g i t i z e d  and t r a n s f e r r e d  t o  t h e  
d e s k t o p  c o m p u te r .
The hp59313A  a n a l o g  t o  d i g i t a l  c o n v e r t e r  h a s  f o u r  c h a n n e l s ,  
e a c h  c h a n n e l  h a v in g  f o u r  p o s s i b l e  in p u t  r a n g e s :
LO = F u l l s c a l e b etw ee n + H • O and
+
1 . 3  V o l t  8
MED = F u l l s c a l e b etw een + 2 . 5 and
+ 3 .5  v o l t s
HI = F u l l s c a l e b etw een + 3 . 5 and
+ 5 .0  v o l t s
H I-H I = F u l l s c a l e b etw ee n + 7 . 0 and + 10 .3  v o l t e
T h e s e  r a n g e s  a r e  s e l e c t e d  by a ju m p e r  w i r e  p l a c e d  b e tw e e n  p i n s  
on t h e  bottom  b o a rd  i n s i d e  t h e  A/D c o n v e r t e r . ( 7 )
The a n a lo g u e  s i g n a l  in  t h e s e  f o u r  p o s s i b l e  r a n g e s  i s  c o n v e r t e d  
t o  1 1 - b i t  t w o ' s  com plem ent b i n a r y  d a t a  b e f o r e  s e n d in g  t o  t h e  c o m p u te r .
In  F i g u r e  2 . 5 . 1 ,  i t  i s  s e e n  t h a t  t h e r e  a r e  s i x  c h a n n e l s  r e q u i r e d  
t o  do sy s tem  m e a su re m e n ts  and t h e  f o l l o w i n g  a r ra n g e m e n t  i s  made f o r  
u s i n g  two A/D c o n v e r t e r s :
F or  A/D c o n v e r t e r  n o .  1 w i th  a d d r e s s  number 7 0 6 ,  c h a n n e l  1 i s  
a s s i g n e d  f o r  g a t e  c u r r e n t  I g s  m e a s u re m e n t ,  s e t t i n g  r a n g e  'MED' t o
2 .5  v o l t s  a s  f u l l  s c a l e  c a l i b r a t i o n  v o l t a g e ,  t h e  c o r r e s p o n d i n g  f u l l  
s c a l e  o u tp u t  o f  t h e  A/D c o n v e r t e r  D eing 1 0 0 0 .
S i m i l a r l y ,  c h a n n e l s  2 , 3  and a r e  a s s i g n e d  f o r  d r a i n  c u r r e n t  I d s ,  
g a t e  v o l t a g e  Vgs and d r a i n  v o l t a g e  V d s ,  s e t t i n g  r a n g e  'LO* t o  1 . 0  v o l t ,  
'H I *  t o  5 . 0  v o l t s  and ' H I - H I '  t o  1 0 . 0  v o l t s ,  r e s p e c t i v e l y  f o r  f u l l  
s c a l e  o u tp u t  o f  t h e  A/D c o n v e r t e r  s e t  a t  1 0 0 0 .
F o r  A/D c o n v e r t e r  n o .  2  w i th  a d d r e s s  number 7 1 0 ,  o n l y  2 c h a n n e l s  
a r e  u s e d ,  i . e . ,  c h a n n e l  2 and  c h a n n e l  3 a r e  a s s i g n e d  f o r  p h a s e  and 
a m p l i t u d e  m e a s u re m e n ts .  B o th  c h a n n e l s  a r e  s e t  su ch  t h a t  r a n g e  'L O ' 
h a s  1 .0  v o l t  a s  i t s  f u l l  s c a l e  c a l i b r a t i o n  v o l t a g e  and t h e  f u l l  s c a l e  
o u tp u t  o f  th e  A/D c o n v e r t e r  i s  a l s o  s e t  t o  1 0 0 0 .
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2.5.5 MEASUREMENT ALGORITHM
In  o r d e r  t o  m a i n t a i n  t h e  a c c u r a c y  and r e p e a t a b i l i t y  o f  th e  
m easurem ent r e s u l t s  f o r  t h e  'CW' f r e q u e n c y  s e t t i n g ,  e a ch  
m easurem ent i s  r e p e a t e d  up t o  lO  t i m e s .  The m easured  d a t a  c a n  be 
c o l l e c t e d  i n  t h e  form  o f  a  m a t r i x :
/  a l l a l 2 a l 3 • • • a l e  \
/ a 21 a 22 a 2 3 • • • a 2s \
A = a ? l a 3 2 a 3 3 • • • a 3s -  ( 2 . 5 . 5 . 1 )
\  a r l a r 2 a r 3 • •  • a r e /
The number o f  row s r  i s  e q u a l  t o  t h e  number o f  r e p e t i t i o n  t i m e s  
e a c h  'CW' f r e q u e n c y  m e a s u r e m e n t .
The number o f  colum n s  r e p r e s e n t s  t h e  number o f  s t e p p e d  power 
l e v e l s .
Each number ' a j k '  i n  t h i s  m a t r i x  i s  c a l l e d  an e l e m e n t ,  which 
i s  t h e  d i g i t i z e d  d a t a  from  one  c h a n n e l  o f  t h e  A/D c o n v e r t e r ,  th e  
s u b s c r i p t s  j  and K i n d i c a t e ,  r e s p e c t i v e l y ,  t h e  row and colum n o f  t h e  
m a t r i x  i n  which t h e  e le m e n t  a p p e a r s ,  e . g .  ' a l l *  r e p r e s e n t s  t h e  
d i g i t i z e d  b i n a r y  number o f  t h e  1 s t  m easurem ent a t  t h e  s t a r t i n g  i n p u t  
power s t e p  l e v e l ,  and ' a l s 1 i s  t h a t  o f  t h e  l a s t  power s t e p  l e v e l .
F or  d e l t a - g a i n  and d e l t a - p h a s e  e v a l u a t i o n s ,  i t  i s  s u f f i c i e n t  
t o  m ea su re  t h e  c h a n g e  i n  a m p l i t u d e  and p h a se  c o r r e s p o n d i n g  t o  a 
ch a n g e  i n  in p u t  power l e v e l ;  i t  i s  n o t  n e c e s s a r y  t o  know t h e  
a b s o l u t e  v a l u e s  o f  t h e  a m p l i t u d e  and p h a s e ,  w hich  ca n  be i n t e r p r e t e d  
by o f f s e t t i n g  t h e  1 s t  colum n o f  th e  m a t r i x  A t o  z e r o s ,  a n d  d e s i g n a t i n g  
t h e  r e s u l t  m a t r i x  B ,  i . e . :
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a l l - a l l  a l 2 - a l l  a l 3- a l l  . . .  a l s - a l l \
a 2 1 - a 21  a 22- a 21  a 23- a 2 1  . . .  a 2s - d 21 \
a 3 1 - a 3 1  a 32- a 31 a 3 3 - a 3 1  . . .  a 3 s - a 3 1  | -  ( 2 . 5 . 5 . 2 )
a r l - a r l  a r 2 - a r l  a r 3- a r l  . . .  a r s - a r l
0 b l 2 b l 3 . . .  b i s  \
0 b22 b23 . . .  b2s  \
0 b32 b33  . . .  b3s  ( 2 . 5 . 5 . 3 )
0 b r 2 b r 3 . . .  b r s
T a k in g  t h e  sum o f  e l e m e n t s  i n  each  co lum n and d i v i d i n g  by 
t h e  t o t a l  number o f  r e p e t i t i v e  m easured  t i m e s ,  r ,  y i e l d s  t h e  a v e r a g e  
d a t a  f o r  e a c h  t e s t  p o i n t ,  fo rm in g  a row m a t r i x ,  n a m e ly C  , w here
I f  one d e s i g n a t e s  t h e  row m a t r i x  C f o r  r e s u l t s  o f  c a l i b r a t i o n  
m e a s u r e m e n ts ,  and a row m a t r i x  M= ( 0 ,  m2, m3t . . . . t  i n k , . . . ,  ms) 
f o r  m e a su rem en ts  w i t h  a D .U .T .  i n s e r t e d  i n t o  t h e  s y s te m  th e  
d i f f e r e n c e  betw een  M and C a s  D = (mk -  c k ) , th e n
y i e l d s  t h e  d e v i a t i o n  from t h e  l i n e a r i t y  o f  t h e  D .U .T .
Where : b j k  = a j k  -  a j l  ___ ( 2 . 5 . 5 . ^ )
( j  = 1 , r ; k  = l , s )
C i  ( 0 ,  c 2 ,  c 3 ck c s  ) —  ( 2 . 5 . 5 . 5 )
r
and ck b jk  ) / r ( 2 . 5 . 5 . 6 )
j  = 1
( j  = l , r ; k = l , s )
D = ( O ,  d 2 , d 3 ,  . . . ,  d k . . . ,
= ( 0 , ml—c l ,  m2 - c 2 , m3- c 3
k d s ) —  ( 2 . 5 . 5 . 7 )  
, . . . , m k —c k , . . . ,  ms—c s )
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T h e r e f o r e ,  w ith  t h e  a p p r o p r i a t e  s c a l i n g  f a c t o r s  f o r  c o n v e r s i o n  
from a d i g i t i z e d  b i n a r y  number o f  t h e  A/D c o n v e r t e r  t o  t h e  r e a l  v a l u e s  
o f  m easured p a r a m e t e r s ,  f ro m  E q u a t io n  ( 2 . 5 . 5 . 7 )  f o r  d e l t a - g a i n  and 
d e l t a - p h a s e ,  i t  f o l l o w s  t h a t  
D e l t a - g a i n  :
G = D/50
=( dk )/50  ( k = l ,  s )
= (0 ,  g 2 , g 3 ,  . . . ,  g k ,  . . . .  g s )  ( 2 . 5 . 5 . 8 )
D e l t a - p h a s e  :
P=D/10
= ( d k )/10  ( k = l , s )
= ( 0 ,  p2 , p3 ,  . . . ,  p k , . . . ,  p s )  ( 2 . 5 . 5 . 9 )
A row m a t r i x  f o r  a b s o l u t e  in p u t  power l e v e l s  Ì 6 d e t e r m in e d
b y :
I  = ( i l ,  i 2 ,  i 3 , . . . »  i k , . . . ,  i s )  ( 2 . 5 . 5 . IO )
= ( i k )  ( k = l , s )
ik =  Q, + Q2 -  Q1_________  .  ( k  -  1 ) ( 2 . 5 . 5 . 1 1 )
s  -  1
where : I j l  = s t a r t  i n p u t  power l e v e l  a s  d e s i r e d  
Q2 = s t o p  i n p u t  power l e v e l  a s  d e s i r e d  
s  = number o f  s t e p s  r e q u i r e d  f o r  in p u t  power l e v e l
A row m a t r i x  f o r  a b s o l u t e  o u tp u t  power l e v e l s  i s  t h e n  
o b t a i n e d  :
O = ( o l ,  o 2 , o 3 , . . . ,  o k ,  . . . ,  o s )  ( 2 . 5 . 5 . 1 2 )
= ( ok ) ( k = l , s )
ok= gk + G a in  + A tt  * i k  ( 2 . 5 . 5 . 1 3 )
where : gk from E qn . ( 2 . 5 . 5 . 8 )  
i k  from E q n . ( 2 . 5 * 5 . 1 0 )
G ain  i s  t h e  d i f f e r e n c e  betw een  t h e  r e a d i n g  from 
Power M e t e r s  P2 and P I ,  a s  in  F i g u r e  2 . 5 . 1 ,  
a t  t h e  s t a r t i n g  in p u t  power l e v e l .
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A tt  i s  t h e  p r e c i s e  a t t e n u a t e r  v a l u e  a s s o c i a t e d  w ith  t h e  D . D . T . ,
i t  a n y .
The f o r m u la e  f o r  c a l c u l a t i o n s  o f  g a t e  c u r r e n t  I g s ,  d r a i n  
c u r r e n t  I d s ,  g a t e  v o l t a g e  Vgs and d r a i n  v o l t a g e  Vds a r e :
I g s  = 2 5  x VI (uA) ( 2 . 5 . 5 . 1 * 0r
I d s  = V2 (mA) ( 2 . 5 . 5 . 1 5 )
0 .2 5  x r
Vgs = '
Jl X <
( 2 . 5 . 5 . 1 6 )r (mV)
Vds = v^
(V ) ( 2 . 5 . 5 . 1 7 )
100 x r
where V I ,  V 2 , V3 and V4 a r e  t h e  d i g i t i z e d  b i n a r y  n u m bers  r e a d  
fro m  th e  a p p r o p r i a t e  c h a n n e l  o f  t h e  A/D c o n v e r t e r .
The added e f f i c i e n c y  o f  t h e  GaAs FET d e v i c e  i s  d e f i n e d  b y :
ite
IOO x ( 1 0  10 -  1 0 10 )/(ldsxV dsX|oO O  + | 0 73' j  ) %
(te 1 , s ) ( 2 . 5 . 5 . 1 8 )
The t o t a l  D .C .  power d i s s i p a t i o n  i n  t h e  GaAs FET d e v i c e  i s :
i k  ok
( l o o O X  I d s  x Vd* ♦ 1 0 10 -  1 0 1 0 ) * 1 0 0 0  ( W a t t s )
( k  l , s )  ( 2 . 5 . 5 . 1 9 )
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2.5.6. SYSTEM CONTROL SETTINGS
1 .  S e t  up on hp84lO C :
( a )  •SOURCE* s w i t c h  t o  'NORMAL'
( b )  •FREQ RANGE' s w i t c h  t o  'AUTO'
( c )  'SWEEP STA B IL ITY ' v e r n i e r  t o  'CW'
on h p 8 ^ 1 2 B  :
( a )  'PHASE OFFSET POLARITY' t o  • + •
( b )  'BW(KHz)' s w i t c h  t o  1 0
2 .  C a l i b r a t i o n :
( a )  A d ju s t  v a r i a b l e  a t t e n u a t o r  VI i n  F i g u r e  2 . 5 . 1  t o  o b t a i n  
t h e  r e q u i r e d  i n p u t  power l e v e l  o f  t h e  D . U . T . ,  u s i n g  power 
m e te r  P I ,  s t a r t i n g  from a p p r o x i m a t e l y  2 0  dB b elow  t h e  
d e v i c e ' s  s a t u r a t e d  l e v e l ,  up t o  t h e  s a t u r a t i o n  v a l u e .
Make s u r e  t h a t  t h e  n e tw o rk  a n a l y z e r  'R E F .  CHANNEL LEVEL' 
r e m a i n s  in  t h e  'OPERATE' p o r t i o n  ov er  t h e  e n t i r e  r a n g e ,  
i f  t h e  n e e d l e  on t h i s  m e te r  moves i n t o  t h e  r i g h t  b l a c k  
p o r t i o n  d u r i n g  t h e  t e s t ,  r e d u c e  t h e  power l e v e l ;  i f  t h e  
n e e d l e  moves i n t o  t h e  l e f t  b a ck  p o r t i o n ,  t h i s  c o u ld  
i n d i c a t e  t h a t  t h e  s y s te m  i s  d ro p p in g  ou t o f  p h a s e  l o c k .  
I n c r e a s e  t h e  RF power or  r e - s e l e c t  a t t e n u a t i o n  v i a  t h e  
a t t e n u a t o r  pad  in  t h e  r e f e r e n c e  c h a n n e l ,  t h e n  s t o r e  t h e  
c a l i b r a t e d  po w er l e v e l  i n  th e  c o m p u te r .
( b )  C o n n e ct  t h e  t e s t  sy s te m  b a ck  t o  back  ( w i t h o u t  D . U . T . ) ,  
a d j u s t  'AMPLITUDE TEST CHANNEL GA IN ', 'AMPLITUDE V ERN IER',  
'PHASE VERNIER' in  c o n j u n c t i o n  w ith  t h e  v a r i a b l e  
a t t e n u a t o r  V2 and a t t e n u a t o r  pad in  t e s t  c h a n n e l  t o
o b t a i n  b o th  m a g n i tu d e  and p h a se  t r a c e s  on t h e  h p 8 4 l2  s c r e e n .
3 .  M easurem ents
I n s e r t  t h e  D . U . T .  i n t o  t h e  s y s t e m ,  and l e a v e  t h e  
•AMPLITUDE TE ST CHANNEL GAIN’ , 'AMPLITUDE VERNIER' and 
'PHASE VERNIER* c o n t r o l s  unchanged d u r i n g  t h e  m e a s u r e m e n ts .
I
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I n  c a s e s  when t h e  D . U . T .  h a s  h i g h  g a i n ,  s a y  o v e r  1 0  d B , 
i t  i s  n e c e s s a r y  t o  have a pad a s s o c i a t e d  w i t h  i t ,  a s  a com bined 
D . U . T . , a s  shown i n  F i g u r e  2.5.6.
D .U .T .  Pad
.Com bined D .U .T . -
F i g u r e  2.5.6 Combined D .U .T .
The amount o f  a t t e n u a t i o n  i s  a p p r o x i m a t e l y  e q u a l  t o  t h e  
g a i n  o f  t h e  d e v i c e  under t e s t .  As a  p a s s i v e  c o m p o n e n t ,  t h e  
a t t e n u a t o r  d o e s  n o t  e x h i b i t  n o n l i n e a r i t y ,  no c h a n g e  i n  a m p l i tu d e  
o r  in  p h a se  s h o u ld  o c c u r  w i t h  a ch a n g e  i n  i n p u t  power l e v e l .
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I n  c a s e s  when t h e  D . U . T .  ha s  h i g h  g a i n ,  s a y  o v e r  10  d B ,  
i t  i s  n e c e s s a r y  t o  have  a  pad a s s o c i a t e d  w i t h  i t ,  a s  a  combined  
D . U . T . , a s  shown i n  F i g u r e  2 . 3 . 6 .
D . U . T .  Pad
H > — a-
|<.— Combined D . U . T . __
F i g u r e  2 . 3 * 6  Combined D . U . T .
The amount o f  a t t e n u a t i o n  i s  a p p r o x i m a t e l y  e q u a l  t o  t h e  
g a i n  o f  t h e  d e v i c e  under  t e s t .  As a  p a s s i v e  c o m p o n e n t ,  t h e  
a t t e n u a t o r  doe s  n o t  e x h i b i t  n o n l i n e a r i t y ,  no c h a n g e  i n  a m p l i t u d e  
or  i n  pha se  s h o u l d  o c c u r  w i th  a cha nge  i n  i n p u t  power l e v e l .
2 . 6 . 1 SYSTEM SOFTWAKE OVERVIEW
2.6.2 CALIBRATIONS
^  S t a r t
D e f i n e  m ea sur em en ts :
1 .  Inp u t  number o f  f r e q u e n c i e s  t o  be me asured
2 .  Inp u t  number o f  r e p e t i t i v e  measurement  t i m e s
3 .  In p u t  number o f  s t e p p e d  power l e v e l s
i*. Inp u t  S t a r t  and  S t o p  INPUT POWER l e v e l s  
5 .  In pu t  each  f r e q u e n c y  v a l u e  and i t s  c a l i b r a t e d  
S t a r t  and S t o p  INPUT POWER l e v e l s
C a l c u l a t e  s t e p p e d  power l e v e l s
/
C a l l  G a i n  sub  S u b r o u t i n e  \ 
T a k in g  G a i n  r e f e r e n c e  f o r  1 
a l l  f r e q u e n c i e s  d e f i n e d  /
C a l l  S w i t c h _ c v _ s u b  S u b r o u t i n e  
T a k i n g :
two row m a t r i x e s  a c c o r d i n g  t o  Eqn.  ( 2 . 5 . 5 » 5 )  
a s  sy s t em  r e f e r e n c e s  f o r  d e l t a - g a i n  and 





^ S t a r t ^
_ _______________ ii____________________
C a l l  G a i n _ 8ub S u b r o u t i n e
T a k i n g  Ga in  m e a s u re m e nt s
f o r  a l l  f r e q u e n c i e s  d e f i n e d---------------------1-------------------------
________________ k____________________
C a l c u l a t e  a b s o l u t e  g a i n  o f  t h e  D .U . T .  
f o r  a l l  d e f i n e d  f r e q u e n c i e s  
and p r i n t  t h e  r e s u l t s  
on CRT m o n i t o r
A .
C a l l  6w i t c h _ c w _ s u b  S u b r o u t i n e  
T a k i n g :
two row m a t r i x e s  a c c o r d i n g  t o  Eqn.  ( 2 . 5 . 5 . 5 )  
f o r  d e l t a —g a i n  and d e l t a —p h a s e  
me a s ur e m e nt s
C a l l  C a l c u l a t e l  S u b r o u t i n e  
C a l c u l a t e  I g s , I d s ,  Vgs and Vds 
a c c o r d i n g  t o  E q n s .  ( 2 . 5 . 5 . 1 ^ )  t o  ( 2 . 5 * 5 . 1 7 )  j
/— v
C a l l  C a l c u l a t e 2  S u b r o u t i n e
C a l c u l a t e  d e l t a - g a i n ,  d e l t a - p h a s e  and ou tpu t
power a c c o r d i n g  t o  E qns .  ( 2 . 5 . 5 . 8 ) ,  ( 2 . 5 * 5 * 9 )
\ and ( 2 . 5 . 5 . 1 3 )  r e s p e c t i v e l y
C a l l  P r i n t  S u b r o u t i n e
C a l c u l a t e  added e f f i c i e n c y  and D.C .  power d i s s i p a t i o n  
o f  t h e  GaAs FET d e v i c e  a c c o r d i n g  t o  
E q n s .  ( 2 . 5 . 5 . 1 8 )  and ( 2 . 5 . 5 . 1 9 )
Jl
^  RETURN ^
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2 . 7  MEASUREMENTS RESULTS
F i g u r e  2 . 7 . 0  : 
F i g u r e  2 . 7 . 1  :
F i g u r e  2 . 7 . 2  :
F i g u r e  2 . 7 . 3  :
F i g u r e  2 . 7 . ^  :
F i g u r e  2 . 7 . 5  : 
F i g u r e  2 . 7 . 6  : 
F i g u r e  2 . 7 . 7 « !  
F i g u r e  2 . 7 . 8  ! 
F i g u r e  2 . 7 . 9  ! 
F i g u r e  2 . 7 . 1 0 :
The s y s t e m  a c c u r a c y  t e s t
T a b u l a t i o n  f o r  FLM7785-8c  ( c o n s t a n t  I d s )  w i t h  
d e v i c e  e f f i c i e n c y
T a b u l a t i o n  f o r  ELM7785~8c ( c o n s t a n t  I d s )  w i t h  
d e v i c e  D.C.  Power d i s s i p a t i o n  
T a b u l a t i o n  f o r  FLM7785-8c  ( c o n s t a n t  Vgs)  w i t h  
d e v i c e  e f f i c i e n c y
T a b u l a t i o n  f o r  FLM7785-8c  ( c o n s t a n t  Vgs)  w i t h  
d e v i c e  D.C.  power d i s s i p a t i o n  
P l o t  d e l t a - g a i n  v s .  outpu t  power ( c o n s t a n t  I d s )  
P l o t  d e l t a - p h a s e  v s .  ou tp u t  power ( c o n s t a n t  I d s )  
P l o t  d e l t a - g a i n  v s .  ou tp u t  power ( c o n s t a n t  Vgs )  
P l o t  d e l t a - p h a s e  v s .  ou tp u t  power ( c o n s t a n t  Vgs)  
P l o t  p o u t  v s .  P i n  ( c o n s t a n t  I d s )
P l o t  P o u t  v s .  p i n  ( c o n s t a n t  Vgs )
Us in g  computer  hp98*+5c f o r  FLM37^2—5
F i g u r e  2 . 7 . 1 1 :  P l o t  FLM37^2-5  d e l t a - g a i n  v s .  i n p u t  power 
F i g u r e  2 . 7 . 1 2 :  P 1 6 t  FL M3742-5  d e l t a - p h a s e  v s .  i n p u t  power
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Figure 2.7.0 System Accuracy Test 
FREQ (GHz) = 7.7 GAIN (dBm) = .02
INPUT OUTPUT Del-Gain Del—Phase Igs
(dBm) (dBm) ( dB > (dgrees) (ua)
22.00 22. 02 O. OO O. OO 0.00
23.09 23. 12 .01 -.07 O. OO
24. 18 24.20 -O. OO -.04 0.00
25.27 25. 30 .Ol .07 0.00
26. 36 26. 39 .Ol -.07 0.00
27.45 27. 47 -O. OO .Ol O. OO
28. 55 28.57 O. OO -. 03 0.00
29.64 29.65 -O. OO -.11 0.00
30.73 30. 75 0.00 -. Ol 0.00
31.82 31.84 0.00 -.07 0.00
32.91 32.92 -.Ol -. 1 1 0.00
34.00 34.01 -. Ol -.07 0.00
FREQ (GHz) = 8 GAIN (dBm) = O
INPUT OUTPUT Del-Gai n Del-Phase Igs
(dBm) (dBm) (dB) (dgrees) (ua)
22.00 22.00 O. OO O. OO 0.00
23.09 23.09 -.Ol -.03 O. OO
24.18 24.19 . Ol -.03 O. OO
25.27 25.27 O. 00 -.06 O. OO
26 • 36 26.37 O. OO -.04 O. OO
27.45 27.45 O. OO -. 09 O. OO
28.55 28.54 -O. OO O. OO 0.00
29. 64 29.63 -O . OO -. io O . OO
30. 73 30.73 O. OO -.04 O. OO
31.82 31.82 . Ol . Ol O. OO
32.91 32.91 -O. OO -. 04 O. OO
34.00 34.00 0.00 -.07 O. OO
FREQ (GHz ) = 8. 3 GAIN (dBm) = 03
INPUT OUTPUT Del-Gain Del-Phase Igs
(dBm) (dBm) (dB) (dgrees) (ua)
22.00 22.03 O. OO 0.00 0.00
23.09 23. 1 1 -. Ol .04 O. OO
24. 18 24.21 O. OO -.04 0.00
25.27 25.31 0. OO .Ol O. OO
26.36 26.40 . Ol -.07 O. OO
27.45 27.47 — . 0 1 . 09 O. OO
28.55 28.59 . Ol .Ol O. OO
29.64 29.66 -0.00 .07 O. OO
30. 73 30.76 O. OO O. OO O. OO
31.82 31.85 O. OO . 03 O. OO
32.91 32. 94 O. OO O. OO O. OO
34.00 34.03 0.00 .04 O. OO
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F igu re  2 .7 .1  FLM7785-8C (  Constant Id s  ) w ith  d e v ic e  e f f i c i e n c y
15:29:IBFREQ (GHz) = 7.7 GAIN (dBm) = 7.36
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds E-f f .
(dBm) (dBm) (dB) (dgrees) <ua) (mv) ( ma ) (V) (7.)
22.00 29.36 0.00 0.00 -25.00 -1068.57 2108.00 lO. 10 3.28
23.09 30. 42 -.03 -.14 -25.00 -1073.57 2108.00 lO. lO 4. 18
24. 18 31.47 -.07 -.Ol -25.00 -1080.00 2108.00 10. lO 5.29
25.27 32. 53 -. IO .21 -32.14 -1087.14 2108.00 10. lO 6.72
26. 36 33.57 -. 15 . 46 -50.00 -1098.57 2108.OO lO. 10 8.48
27.45 34.58 -.23 . 89 -50.00 -1 1 16.43 2108.00 10. lO 10.59
28.55 35. 55 -. 35 1.33 -75.00 -1142.86 2108.00 10. lO 13.06
29. 64 36. 47 -. 53 1.91 -96.43 -1178.57 2108.00 lO. lO 15.82
30. 73 37.32 -.77 2.83 -128.57 -1227.86 2108.00 lO. lO 18. 75
31.82 38. 07 -1.11 3. 70 -182.14 -1295.00 2108.00 lO. lO 21.46
32.91 38.70 -1.57 4. 46 -260.71 -1381.43 2108.00 10. 10 23. 46
34.00 39. 19 -2. 17 5.13 -421.43 -1494.29 2108.00 10. lO 24.30
FREQ (GHz) = 8 GAIN (dBm) = B. 34
INPUT OUTPUT Del-Gain Del—Phase Igs Vgs Ids Vds E-f-f.
(dBm > (dBm) (dB) (dgrees) (ua> (mv) (ma) (V) (7.)
22.00 30. 34 0.00 0.00 -25.00 -1075.71 2108.00 lO. lO 4.30
23.09 31.40 -.03 . 13 -50.00 -1082.86 2108.OO lO. lO 5.47
24. 18 32. 46 -.06 . 37 —50.00 -1090.71 2108.00 lO. lO 6. 97
25.27 33.51 -. 1 1 . 79 -50.00 -1105.00 2108.00 10. lO 8.81
26.36 34.52 -.19 1.26 -75.00 -1125.00 2108.00 lO. lO 11.03
27.45 35.51 -.29 1.91 -100.00 -1153.57 2108.00 10. lO 13.71
28.55 36. 42 -. 46 2.86 -125.00 -1192.86 2108.00 10. 10 16. 69
29. 64 37.26 -.72 3.99 -175.00 -1250.00 2108.OO lO. lO 19.81
30. 73 37. 98 -1.09 5. 44 -246.43 -1328.57 2108.00 10. lO 22.68
31.82 38.54 -1.62 6. 84 -378.57 -1432.14 2108.00 lO. lO 24.67
32.91 38. 94 -2.31 7.94 -614.29 -1562.14 2108.00 10. lO 25. 28
34. OO 39.21 -3. 13 B. 90 -1042.86 -1734.29 2108.00 10. lO 24.46
FREQ (GHz) = 8.3 GAIN (dBm) = 8. 56
INPUT OUTPUT Del-Gai n Del—Phase Igs Vgs Ids Vds Ef-f .
(dBm) (dBm) (dB) (dgrees) (ua) (mv) ( ma ) (V) (7.)
22.00 30. 56 0.00 0.00 -50.OO -1075.71 2108.00 lO. lO 4.56
23. 09 31.63 -.03 . 26 -50.OO -1085.00 2108.OO lO. lO 5. 82
24. 18 32. 68 -. 06 . 46 —50.OO -1095.00 2108.00 lO. lO 7.39
25.27 33. 73 -. IO . 90 -75.00 -1110.71 2108.00 lO. lO 9.35
26. 36 34.76 -. 16 1.43 -100.00 -1137.14 2108.00 10. lO 11.79
27 ■ 45 35.75 -. 26 2. 30 -125.00 -1180.00 2108.00 lO. lO 14.67
28.55 36.70 -.41 3.21 -192.86 -1235.00 2108.00 lO. lO 18.00
29.64 37.55 -. 64 4.29 -271.43 -1305.71 2108.00 10. lO 21.49
30. 73 38. 29 -1.00 5. 23 -414.29 -1393.57 2108.00 lO. lO 24.7331.82 38. 84 -1.53 6. 07 -678.57 -1503.57 2108.00 lO. lO 26. 93
32.91 39.25 -2.22 6.66 -1275.00 -1681.43 2108.OO lO. lO 27. 76
34.00 39.43 -3. 13 7.03 -2792.86 -2029.29 2108.OO lO. lO 26.26
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Figure 2 .7 .2  FLK7785-8C (Constant Id s ) w ith  d e v ic e  d .c .  power
FREQ (GHz) = 7.7 GAIN (dBm) = 7.36
INPUT OUTPUT Del—Gain Del-Phase Igs Vgs Ids Vds Tr.D.C.Pw.
(dBm) (dBm) ( dB > (dgrees) (ua) <mv) (ma) (V) (Matts)
22.00 29. 36 0.00 0.00 -25.00 -1068.57 2108.00 IO. 10 20.59
23.09 30. 42 -.03 -. 14 -25.OO -1073.57 2108.00 10. 10 20. 40
24. 18 31.47 -.07 -. Ol -25.OO -1080.00 2108.00 IO. IO 20. 16
25.27 32.53 -. 10 .21 -32.14 -1087.14 2108.00 IO. IO 19.84
26. 36 33.57 -. 15 . 46 -50.00 -1098.57 2108.00 10. IO 19. 45
27.45 34.58 -.23 . 89 -50.00 -1116.43 2108.00 10. 10 18.99
28. 55 35.55 -.35 1.33 -75.00 -1142.86 2108.00 10. IO 18.42
29.64 36.47 -.53 1.91 -96.43 -1178.57 21OB.OO 10. 10 17. 78
30. 73 37.32 -. 77 2.83 -128.57 -1227.86 2108.00 IO. IO 17.08
31.82 38.07 -1.11 3. 70 -182.14 -1295.00 2108.00 10. 10 16. 40
32.91 38. 70 -1.57 4. 46 -260.71 -1381.43 2108.00 10. IO 15.84
34.00 39. 19 -2. 17 5. 13 -421.43 -1494.29 2108.OO 10. 10 15.51
FREQ (GHz) = 8 GAIN (dBm) = 00
INPUT OUTPUT Del-Gain Del—Phase Igs Vgs Ids Vds Tr.D.C.Pw
(dBm) (dBm) (dB) (dgrees) (ua) (mv> (ma) (V) (Matts)
22.00 30. 34 0.00 O. OO -25.00 -1075.71 2108.00 10. IO 20. 37
23.09 31.40 -.03 . 13 -50.OO -1082.86 2108.00 IO. IO 20. 12
24. 18 32. 46 -.06 . 37 -50.00 -1090.71 2108.00 10. IO 19. 80
25.27 33.51 -. 1 1 . 79 -50.OO -1105.OO 2108.00 10. 10 19. 39
26. 36 34.52 -. 19 1.26 -75.00 -1125.00 2108.00 IO. IO 18. 90
27.45 35.51 -. 29 1.91 -1O0.OO -1153.57 2108.OO IO. IO 18.30
28.55 36. 42 -. 46 2.86 -125.00 -1192.86 2108.00 10. IO 17. 62
29. 64 37.26 -.72 3.99 -175.00 -1250.OO 2108.00 10. 10 16.90
30. 73 37.98 -1.09 5.44 -246.43 -1328.57 2108.OO IO. IO 16. 19
31.82 38.54 -1.62 6. 84 -378.57 -1432.14 2108.00 10. 10 15.66
32. 91 38.94 -2. 31 7.94 -614.29 -1562.14 2108.00 IO. IO 15.41
34.00 39.21 -3. 13 8.90 -1042.86 -1734.29 2108.00 10. IO 15.47
FREQ (GHz) = 8.3 GAIN (dBm) = 8. 56
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds Tr.D.C.Pw.
(dBm) (dBm) (dB) (dgrees) (ua) (mv> (ma) (V) (Matts)
22.00 30.56 0.00 0.00 -50.00 -1075.71 2108.OO IO. IO 20.32
23.09 31.63 -.03 . 26 -50.OO -1085.OO 2108.00 IO. IO 20.04
24. 18 32. 68 -. 06 . 46 -50.OO -1095.00 2108.OO IO. IO 19.70
25. 27 33. 73 -. 10 .90 -75.00 -1110.71 2108.00 10. IO 19.28
26. 36 34.76 -. 16 1.43 -lOO.OO -1137.14 2108.00 IO. IO 18. 73
27.45 35. 75 -. 26 2. 30 -125.00 -1180.OO 2108.OO IO. IO 18.0928.55 36. 70 -.41 3. 21 -192.86 -1235.00 2108.00 IO. IO 17.3329.64 37.55 -.64 4.29 -271.43 -1305.71 2108.00 10. IO 16.52
30.73 38.29 -1.00 5. 23 -414.29 -1393.57 2108.OO IO. IO 15. 74
31.82 38.84 — 1.53 6.07 -678.57 -1503.57 2108.OO to. 10 15.1532.91 39. 25 -2. 22 6.66 -1275.00 -1681.43 2108.00 IO. IO 14.84
Î4.00 39. 43 -3. 13 7.03 -2792.86 -2029.29 2108.00 10. IO 15. 04
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Figure 2 .7 .3  FLM7705-8C (  Constant Vgs )  w ith  d ev ice  e f f i c i e n c y
FRED (GHz > = 7. 7 GAIN (dBm) = 7. 3
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds E-f-f .
(dBm) (dBm) (dB) (dgrees) (ua) (mv) ( ma > (V) <*/.)
22.00 29.30 0.00 0.00 -42.86 -1057.14 2128.OO IO. IO 3.20
23. 09 30. 36 -.03 -. 14 -50.OO -1056.43 2135.43 10.09 4.06
24. 18 31.44 -.04 -.04 -50.OO -1055.71 2143.43 IO. 09 5. 17
25.27 32.50 -.07 . 16 -50.00 -1055.00 2155.43 10.09 6.53
26. 36 33.56 -. 10 .37 -50.00 -1055.00 2172.OO IO. 08 8.24
27.45 34.62 -. 14 .77 -67.86 -1055.00 2198.86 10.07 IO. 30
28.55 35.67 -. 18 1.11 -75.00 -1050.71 2236.57 IO. 06 12.80
29.64 36.67 -.26 1.51 -103.57 -1047.14 2289.71 IO. 04 15.60
30.73 37.66 -.37 2.13 -142.86 -1040.71 2360.57 10.02 18. 74
31.82 38.56 — • 55 2.43 -192.86 -1032.14 2453. 14 9. 98 21.78
32.91 39.29 -.92 2.31 -282.14 -1018.57 2550.86 9.95 23.89
34.00 39.77 -1.53 2.04 -271.43 -1020.00 2599.43 9. 93 24.60
FREQ (GHz) = 8 GAIN (dBm) = 8. 28
INPUT OUTPUT Del-Gain Del—Phase Igs Vgs Ids Vds E-f -f .
(dBm) (dBm) (dB) (dgrees) (ua) (mv) (ma > (V) C/.)
22.00 30. 28 0. 0 0 0.00 -50.00 — 1055.OO 2133.71 IO. 09 4. 19
23. 09 31.37 -.Ol . 14 -50.OO -1055.00 2144.57 10.09 5.34
24. 18 32.44 -.02 . 39 -50.OO -1055.00 2160.57 IO. 09 6. 77
25. 27 33.51 -.04 . 66 -75.OO -1054.29 2180.00 10.08 8.55
26. 36 34.57 -.07 1. IO -75.00 -1050.00 2208.57 10.07 IO. 72
27.45 35.63 -.11 1.53 -100.00 -1049.29 2245.14 10.06 13. 38
28 • 55 36.65 -.17 2. 1 1 -125.00 -1045.OO 2299.43 10.04 16.43
29.64 37.62 -.29 2. 59 -175.00 -1035.OO 2376.57 10.01 19.69
30. 73 38.49 -.52 2. 93 -250.00 -1020.71 2476.57 9.98 22.71
31.82 39. 14 -.96 2.71 -378.57 -1000.71 2586.86 9. 94 24.53
32.91 39.59 -1.60 2. 09 -421.43 -993.57 2662.29 9.91 25.23
34.00 39.83 -2. 45 2.86 53.57 -1075.71 2589.71 9.94 25. 16
FREQ (6Hz) = 8. 3 GAIN (dBm) = 8.52
INPUT OUTPUT Del-Gain Del-Ph ase Igs Vgs Ids Vds Ef-f .
(dBm) (dBm) (dB) (dgrees) (ua) (mv) ( ma > (V) (X)
22.00 30. 52 0.00 O. OO -50.00 -1055.00 2134.29 IO. 09 4.46
23.09 31.60 -. Ol . 16 -50.00 -1055.OO 2146.86 IO. 09 5.67
24.18 32.68 -.02 . 39 -75.OO -1055.OO 2162.29 10.08 7.21
25. 27 33.76 -. 04 . 76 -75.00 -1050.OO 2185.14 IO. 08 9.11
26.36 34.83 -. 05 1.14 -100.00 -1050.OO 2222.86 10.06 11.45
27.45 35. 89 -.09 1.67 -125.00 -1043.57 2277.14 10.04 14.18
28.55 36.91 — .15 2. OO -175.00 -1035.00 2348.00 10.02 17. 32
29. 64 37.82 -.34 2. 16 -250.00 -1025.00 2428.00 9.99 20. 37
30. 73 38.55 -.70 1.86 -346.43 -1005.71 2512.00 9.97 22. 80
31.82 39. 1 1 -1.23 1.03 -475.00 -982.86 2595.43 9.94 24.26
32.91 39. 49 -1.94 .57 — 300.00 -1015.00 2582.86 9.94 25.09
34.00 39.65 -2. 87 1.94 528.57 -1160.00 2440.00 9. 99 24.94
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Figure 2 .7 .4  FLM7785-8C (  Constant Vgs )  w ith  d e v ic e  d .c .  power
FREQ (GHz ) = 7. 7 GAIN (dBm) = 7.3
INPUT OUTPUT Del—Gai n Del-Phase Igs Vgs Ids Vds Tr.D.C.Pw
(dBm) (dBm) (dB> (dgrees) (ua) (mv) (ma ) (V) (Watts)
22. OO 29. 30 O. OO 0.00 -42.86 -1057.14 2128.00 IO. IO 20.80
23. 09 30.36 03 -. 14 -50.OO -1056.43 2135.43 10.09 20.67
24. 18 31.44 -.04 -.04 -50.00 -1055.71 2143.43 IO. 09 20.50
25.27 32.50 -. 07 . 16 -50.00 -1055.00 2155.43 IO. 09 20. 31
26.36 33.56 -. IO .37 -50.00 -1055.00 2172.00 IO. 08 20.05
27.45 34.62 -. 14 . 77 -67.86 -1055.OO 2198.86 10.07 19.80
28.55 35 • 67 -. 18 1.11 -75.00 -1050.71 2236.57 IO. 06 19.53
29.64 36.67 -. 26 1.51 -103.57 -1047.14 2289.71 10.04 19. 26
30. 73 37.66 37 2. 13 -142.86 -1040.71 2360.57 10.02 19.00
31.82 38 • 56 -. 55 2. 43 -192.86 -1032.14 2453.14 9.98 18.83
32.91 39.29 -.92 2. 31 -282.14 -1018.57 2550.86 9. 95 18.85
34.00 39. 77 -1.53 2. 04 -271.43 -1020.OO 2599.43 9.93 18.85
FREQ (GHz) = 8 GAIN (dBm) = 8. 28
INPUT OUTPUT Del—Gai n Del—Phase Igs Vgs Ids Vds Tr.D.C.Pw,
(dBm) (dBm) (dB> (dgrees) (ua) (mv) ( ma ) (V) (Watts)
22.00 30. 28 0.00 O. OO -50.OO -1055.00 2133.71 IO. 09 20.63
23. 09 31.37 -.Ol . 14 -50.OO -1055.00 2144.57 IO. 09 20.47
24.18 32. 44 -.02 . 39 -50.OO -1055.OO 2160.57 10.09 20. 30
25.27 33.51 -.04 . 66 -75.00 -1054.29 2180.00 IO. 08 20.07
26.36 34.57 -.07 1 . IO -75.00 -1050.OO 2208.57 IO. 07 19.81
27.45 35.63 -.11 MÜ1 -100.00 -1049.29 2245.14 10. 06 19.49
28.55 36. 65 -.17 2. 1 1 -125.00 -1045.OO 2299.43 10.04 19. 18
29.64 37.62 -. 29 2.59 -175.OO -1035.OO 2376.57 IO. Ol 18.93
30. 73 38. 49 -.52 2.93 -250.00 -1020.71 2476.57 9. 98 18.84
31.82 39. 14 -.96 2.71 -378.57 -1O O O .71 2586.86 9.94 19.03
32. 91 39. 59 -1.60 2.09 -421.43 -993.57 2662.29 9.91 19.23
34.00 39.83 -2.45 2.86 53.57 -1075.71 2589.71 9.94 18. 63
FREQ (GHz) = 8. 3 GAIN (dBm) = 8.52
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds Tr . D. C. Pw.
(dBm) (dBm) (dB) (dgrees) (ua) ( mv > (ma) (V) (Watts)
22. OO 30. 52 O. OO O. OO -50.00 -1055.00 2134.29 10.09 20.58
23.09 31.60 -.Ol . 16 -50.OO -1055.OO 2146.86 10. 09 20. 42
24.18 32.68 -.02 . 39 -75.OO -1055.OO 2162.29 10.08 20. 21
25.27 33.76 -. 04 . 76 -75.00 -1050.OO 2185.14 10.08 19. 99
26 • 36 34.83 -.05 1.14 — 1OO.OO -1050.OO 2222.86 IO. 06 19.76
27.45 35 • 89 -.09 1.67 -125.00 -1043.57 2277.14 10.04 19. 55
28.55 34. 91 -. 15 2. OO -175.00 -1035.00 2348.00 IO. 02 19.33
29.64 37. B2 -. 34 2. 16 -250.00 -1025.00 2428.00 9.99 19.13
30. 73 38.55 -. 70 1.86 -346.43 -1005.71 2512.OO 9.97 19.07
31.82 39. 1 1 -1.23 1.03 -475.00 -982.86 2595.43 9. 94 19.1732.91 39. 49 -1.94 .57 -300.OO -1015.00 2582.86 9. 94 18. 74












































































is. CD CD OJ H3P) O
DJ CO
to







































































































































































































































































































































































e a - a i - i 9S3 t . c . ci-c n c
39 i
FLM3742-5
83- 01-1993 T .C .O -C N C
40
-4»
2 . 8  APPLICATION
2 . 8 . 1  SIMPLE BIASING CIRCUIT GIVES GaAs FET AMPLIFIER 
LESS DISTORTION AT HIGH RF POWER LEVEL
I t  ha s  been  p ro v e n  by e x p e r i m e n t  t h a t  u s i n g  a  s i m p l e  
c o n s t a n t  g a t e  v o l t a g e  b i a s i n g  c i r c u i t  a s  shown i n  F i g u r e  2 . 8 . 1 . 1  
makes a l o t  o f  d i f f e r e n c e  t o  a  GaAs FET A m p l i f i e r  a s  f a r  a s  i t s  
l i n e a r i t y  i s  c o n c e r n e d ,  e s p e c i a l l y  t h e  AM t o  PM c o n v e r s i o n  f a c t o r ,  
which ca n  be improved a s  much a s  6°  a t  2 dB c o m p r e s s i o n  in  g a i n  
w i t h  3 9 . 8 3 » o u t p u t  power  l e v e l  a t  8 GHz f o r  F u j i t s u  FLM7785-8c  
d e v i c e s ,  compared w i t h  u s i n g  a  c o n s ta n t  d r a i n  c u r r e n t  
b i a s  n e t w o r k ,  shown i n  F i g u r e  2 . 5 . 3 .
F i g u r e  2 . 8 . 1 . 1  C o n s t a n t  Gate  v o l t a g e  b i a s i n g  ne tw or k  
f o r  h i g h  power GaAs FET D e v i c e s .
The NPN b i p o l a r  t r a n s i s t o r  Q1 i s  used  f o r  t h e  same pu rp os e  
a s  in F i g u r e  2 . 5 . 3 .  i . e . ,  i t  works a s  an i n s t a n t  s w i t c h ,  and ha s
1 0 . 5  V o l t s
- 5  V o l t s
IK 100
G ate D r a i n
- 5  V o l t s c = 22uF  
r l =  20 k  Ohms 
r 2= 2 0 k  Ohms
been me nt i one d  i n  S e c t i o n  2 . 5 » 3 .  The t r a n s i e n t  r e s p o n s e  i s
shown i n  F i g u r e  2 . 8 . 1 . 2 .
41
V e r t i c a l  s 5 v o l t  per  D i v i s i o n  f o r  d r a i n  v o l t a g e
2 . 5  v o l t  p e r  D i v i s i o n  f o r  g a t e  v o l t a g e  
H o r i z o n t a l  : 0 . 5  s e c o n d  p e r  d i v i s i o n
F i g u r e  2 . 8 . 1 . 2  T r a n s i e n t  r e s p o n s e  o f  t h e  s w i t c h  upon 
p o s i t i v e  D .C .  d r a i n  v o l t a g e  t u r n  o n .
42
As a t y p i c a l  e x a m p l e ,  a  F u j i t s u  h i g h  power d e v i c e  FLM7785- 8C 
has  been e x a m i n e d .  Us in g  t h e  'CHENG' program f o r  a u t o m a t i c  c h a r a c ­
t e r i z i n g  t h e  n o n l i n e a r i t y  o f  t h e  GaAs FET d e v i c e ,  u n de r  s i m i l a r  
RF c o n d i t i o n s ,  ( s u c h  a 6 t h e  j i g  b e i n g  used  f o r  m e a s u r e m e n t s ,  RF 
b i a s  and m a t c h i n g  n e t w o r k s ) , t h e  measurement  r e s u l t s  a r e  shown 
i n  F i g u r e s  2 . 7 . 1  t o  2 . 7 . 1 0  o f  S e c t i o n  2 . 7  f o r  b o t h  D . C .  b i a s i n g  
n e t w o r k s .  The d r a i n  s e n s i n g  r e s i s t o r  Rd O.^sOhm i s  us e d  f o r  
q u i e s c e n t  c o n d i t i o n  a t  V d s * 1 0 . 0  V o l t s  and I d s * 2 . 1  Amp.
A c o m p a r i s o n  be tw een  F i g u r e  2 . 7 . ^  and F i g u r e  2 . 7 . 2  shows t h a t  
c o n s t a n t  g a t e  v o l t a g e  b i a s i n g  s u p p l y  g i v e s  t h e  f o l l o w i n g  i m p ro v e m e n ts :
1 .  d e l t a - g a i n  i s  r e d u c e d  up t o  0 . 5  dB.
2 .  d e l t a - p h a s e  i s  r e d u c e d  up t o  6 d e g r e e s .
3 .  R e v e r s e  b i a s  g a t e  c u r r e n t  i s  l e s s  t h a n  .5mA, due t o  RF 
s i g n a l  d r i f t ,  w h i l s t  i n  t h e  o t h e r  c a s e  i t  c a n  go t o  a t  
w o rs t  2 . 7 9  mA a b s o l u t e ,  wh ich  i s  v e r y  damaging t o  t h e  
d e v i c e  l i f e  t i m e  i n  t h e  l o n g  r u n .
k. A l th o u g h  t h e  D r a i n  c u r r e n t  i n c l u d i n g  RF d r i f t  c u r r e n t  
ca n  i n c r e a s e  up t o  2 . 6 6  Amp. ,  which  i s  56O mA more 
t h e n  i t  was i n  t h e  q u i e s c e n t  c o n d i t i o n ,  t h e  t o t a l  
D .C .  power d i s s i p a t i o n  r e m a i n s  be low t h e  power consumed 
in  t h e  q u i e s c e n t  c o n d i t i o n .
2 . 8 . 2  P i c t o r i c a l  e x p l a n a t i o n  f o r  t h e  measurement  r e s u l t s
A t y p i c a l  p l o t  o f  t h e  I d s  v s .  Vds d . c .  c h a r a c t e r i s t i c  f o r  t h e  
h i g h  power GaAs FET d e v i c e  i s  shown in F i g u r e  2 . 8 . 2 . 1 .  A s i m u l a t e d  
cu r v e  f o r  a FLM7785-8c  d e v i c e  i s  drawn i n  q ua d ra nt  1 o f  F i g u r e  2 . 8 . 2 . 2 .  
and an I d s  v s .  Vgs c u r v e  i s  shown i n  q u a d r a n t  2 .  I n  q uad ran t  3 
s i m u l a t e d  RF i n p u t  s i g n a l s  a r e  r e p r e s e n t e d .  In p u t  RF s i g n a l  from 
q ua d ra nt  3 a r e  p r o j e c t e d  v i a  t h e  I d s - V g s  c u r v e  in  q u a d ra n t  2 i n t o  
q uad ran t  1 , where  t h e  o u t p u t  s i g n a l  s w i n g s  a l o n g  s i d e  t h e  dynamic 
l o a d  l i n e  L I  p a s s i n g  t h r o u g h  t h e  q u i e s c e n t  o p e r a t i n g  p o i n t  
( 1 0 . 0  V o l t ,  2 . 1  Amp. ) .
!
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In  t h e  c a s e  where  a c o n s t a n t  g a t e  v o l t a g e  b i a s i n g  s u p p ly  
i s  u s e d ,  t h e  RF s i g n a l  r e s p o n s e  s u p e r p o s i t i o n  w i t h  t h e  q u i e s c e n t  
p o i n t  o f  t h e  GaAs FET d e v i c e  ca n  be i l l u s t r a t e d  a s  shown in
F i g u r e  2 . 8 . 2 . 2 .
The l i n e a r  o u tp u t  s i g n a l  D1 c o r r e s p o n d s  t o  t h e  s n a i l  s i g n a l  
S I  a p p l i e d  a t  t h e  g a t e  o f  t h e  d e v i c e .  F o r  a  l a r g e  i n p u t  s i g n a l  
S 2 ,  t h e  sh ape  o f  t h e  s i g n a l  h a s  been c u t o f f  i n  b o t h  d i r e c t i o n s ,  
he nce  a g a t e  c u r r e n t  due t o  RF d r i f t  i s  i n t r o d u c e d ,  t h e  n e t  
c o n t r i b u t i o n  t o  t h e  g a t e  c u r r e n t  b e i n g  e q u a l  t o  t h e  RMS 
s u b t r a c t i o n  b e t w ee n  forward  and r e v e r s e  d i r e c t i o n s .  Th e s e  a r e  
ab out  even f o r  a c o n s t a n t  g a t e  v o l t a g e  s u p p l y .  For  h i g h  power 
o p e r a t i o n ,  one n o r m a l l y  s e t s  I d s  e q u a l  t o  h a l f  o f  I d s s ,  t h e r e f o r e  
i n  t h e  outpu t  s i g n a l  D2 t h e  p o s i t i v e  RF d r i f t  i s  g r e a t e r  t h a n  t h e  
n e g a t i v e  on e ,  i . e .  t h e  d e v i c e  t e n d s  t o  go more i n t o  s a t u r a t i o n  
th a n  p i n c h o f f .  I n  t h e  c a s e  o f  a  c o n s t a n t  I d s  b i a s i n g  ne tw o rk  b e i n g  
c h o s e n ,  i n  o r d e r  t o  keep t h e  d r a i n  c u r r e n t  c o n s t a n t  when o v e r  d r i v e n  
a t  RF,  t h e  e f f e c t i v e  Vgs i s  s h i f t e d  to w a rd s  t h e  n e g a t i v e ;  
t h e r e f o r e  r e v e r s e  g a t e  c u r r e n t  i s  i n t r o d u c e d  more and more i n t o  
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PROGRAM NAME J CHENG 
AUTHOR J T.C.CHENG
DELTA GAIN AND DELTA PHASE MEASUREMENTS < FOR HP9816 COMPUTER ) 

























DIM P I (IO),X (10,20),Y<10,20)
DIM P 9 (10),Q9 <10)
DIM F O (20),Pout(10,20),A O (20)
DIM A3(IO, 20),F 3 (IO,20)
DIM A4(1O ,20),F4(10,20)
DIM De_gain(10,20),De_phase(IO,20)
DIM IgsO(10,20),Ids0(10,20> , VgsO(10,20),VdsO(10,20),Ids(20),Vds(20) 
DIM Igs (20) , Vgs (20) , Tg ( 10) , Tg 12 ( 10) , Tg 13 ( IO) ,Tg0(10)
DIM Igs-f (10,20) , Vgs-f (10,20) , Idsf (10,20) , Vdsf (10,20)
DIM A l (10,20),F I (10,20) ,ETF(10,20)
DIM Textl*C1003,Text2*C803, Labelx1*C803,Labelt*C803,Labelx2*CSOI 
DIM Data_-f i letC20 3 , Label y*C 1O O 3 , Ques 1 * C 80] , Ques2*C80 D , Ques3*C 803 
DIM Title* Cl003,Ques4* C 801, QuesS* C 80 3,Ques6*C 80 3,Ques7* C 801 
DIM Name_date*C1003
DIM Ans*C33,0-f-f *C 1 3 , Dev*C20 3 , Ser*C83 , Date*!203 , Ids*C203 , Vds*C20 3 
Ans*="N"
270 ImageO:IMAGE "PL",DDD.DD,"DM"
280 Imagel:IMAGE MDD.DD,2X,MDD.DD,2X, MDD. DD,2X,MDD.DD,2 X ,MDDDD.DD,2X,MDDDD.DD,2X 
































0-f-f * = " 0 “
Labelxl*=" OUTPUT POWER ( dBm >"
Labelx2*=" INPUT POWER ( dBm >"
Dues1*="MINIMUM INPUT POWER LEVEL (dBm) = 
Q u e s 2 * = "MAX IMUM INPUT POWER LEVEL (dBm) = 
0ues3*="MAX IMUM OUTPUT POWER LEVEL (dBm) =




550 Y_gdu_max=100*MAX <1,1/RATIO) !
560 ON ERROR GOTO Terror
570 Setkeys:OUTPUT SO;"RFO"
580 Mea_f1ag-=o
590 PRINT ’ 1
600 ON KEY O LABEL "CALIBRATION" GOTO Calibration
610 ON KEY 1 LABEL "MEASUREMENT" GOTO Measurement
620 ON KEY 2 LABEL "GET CAL-DATA TAPE" GOTO Get_cal_data
630 ON KEY 3 LABEL "GET MEAS-DATA TAPE" GOTO Get_meas_data
640 ON KEY 4 LABEL "STORE DATA" GOTO Store
650 ON KEY 3 LABEL "A/D TEST" GOTO Test
660 ON KEY 6 LABEL "TABULATE" GOTO Tabulation
670 ON KEY 7 LABEL "Pt-DELTA-GAIN" GOTO Pt_del_gain
680 ON KEY 8 LABEL "Pt-DELTA-PHASE" GOTO Pt_del_phase
690 ON KEY 9 LABEL "Pt-Pi n-Pout" GOTO Pt_pin_pot.it
700 PRINT ' ■
710 PRINT ’ READY"
720 Dummy:GOTO Dummy
730 Terror : PRINT " SOMETHING WRONG !"
740 GOTO Setkeys
750 Error : PRINT M "
760 PRINT “ PHASE OFFSET HAS DONE!"
770 BEEP










880 Calibrati on: PRINT "Delta—GAIN & Delta—PHASE measurement "
890 PRINT " "
900 PRINT " Number OF FREQ to be MEASURED (Max 10)="|
910 Freq_number=3 ! Default number
920 INPUT Freq_number 
930 F'RINT Freq_number
940 PRINT " "
950 PRINT "NUMBER OF MEASUREMENT (# of repeat for each step (IO
960 C8accuracy=7 ! Default number
970 INPUT C8accuracy
980 PRINT CBaccuracy
990 PRINT " "






















1 2 0 0  
1 2 1 0  
































PRINT " ACTUAL START POWER LEVEL (dBm)= ";
INPUT PI_ac_start
PRINT Pl_ac_start




PRINT "PRINTER NUMBER <PRINTER=701 or CRT-1)-";




• TAKING FREQ VALUE
i








PI <1> =17.4 
PI(2)=19.8 
PI(3)=18.3
FOR M=1 TO Freq_number





! TAKING INPUT POWER LEVELS
I








! SET POWER STEP LEVELS
Q9(M) = (PI_ac_stop-Pl _ac_start)/ ( C m  step_number-1) 
FOR K=1 TO Cw_step_number
51
:  ;  ' I H
1510 Pin (M,K)=P1 ac start+Q9<M>* <K-1)
1520 NEXT K
1530 P9 <M> = (PI (M)-PO <M>)/(Cw_step_number— 1)
1540 FOR 1=1 TO Cm step number
1550 P(M, I >=P0(M)+P9 <M)*(1-1)
1560 NEXT I
1570 NEXT M
15B0 FOR M=1 TO Freq_number




1630 ! TAKING MEASUREMENT DATA
1640 1
1650 FOR M=1 TO Freq_number
1660 GOSUB Swltch_cw_sub
1670 FOR K=1 TO Cw_step_number





1730 PRINT "STORE CALIBRATION DATA?<Y/N)";
1740 INPUT Ans*
1750 PRINT Ans*






1820 PRINT "ALL FREQ ? YES=1 N0=0";
1830 INPUT Freq all
1840 PRINT Freq all
1850 PRINT " "
1860 PRINT "NUMBER OF MEASUREMENT 10 MAX";
1870 INPUT C8accuracy
1880 PRINT C8accuracy
1890 PRINT " "
1900 PRINT "FREQ (GHz)";" GAIN <dB)"
1910 FOR M=1 TO Freq number
1920 GOSUB Gain sub
1930 G <M> =TqO(M)-Tg <M)
1940 PRINT Freq <M) :" M;G(M)
1950 NEXT M
1960 PRINT " "
1970 IF Freq al 1 = 1 THEN GOTO All
1 980 Back: PRINT "NUMBER ";" FREQ(GHz)"
1 990 FOR 1=1 TO Freq number



























































IF t1>Freq_number THEN GOTO New_device




All«FOR M=1 TO Freq_number 
GOSUB Calcui atei 
NEXT M
OUTPUT SO;"RFO“
New_deviceiFOR M = 1 TO Freq_number 
GOSUB Cal cuiate2 
NEXT M
PRINT "STORE MEASUREMENT DATA ?Y/N";
INPUT Ans*
PRINT Ans*





OUTPUT SO USING ImageO;PO<M>
OUTPUT SO;"RF1"








Swi tch cw sub : OUTPUT SO;"CW";Freq <M);"GZ"
OUTPUT SO USING ImageO;PO(M)
PRINT "TAKING DATA ... "
FOR J=1 TO C8accuracy
Noerror: OUTPUT SO USING ImageO;P(M,1)
FOR K=1 TO Cw_step_number
OUTPUT SO USING ImageO;P (M,K)
GOSUB Read_a_d
IF ABS <D <2) ) >1OOO THEN GOTO Error 
FI ( J , K > =D <2 > ! Ao=710 Ch.2 Phase
A1<J,K)=D<3) ! Ao=710 Ch.3 Amplitude
IqsO < J .K )=D d (1) — <-3) ! Ao=706 Ch. 1 Igs (2.5V)
IdsO(J,K)=Dd(2) - < + l > ! Ao=706 Ch. 2 Ids <1.O V )
VgsO(J.K)=Dd(3) -(-0)! Ao=7G6 Ch. 3 Vgs <5.OV)
53 i



































• OFFSET DATA TO ZEROS
FOR J=1 TO C8accuracy
FOR K=2 TO Cw_step_number
A 1 <J,K)=A1 <J,K)-A1 <J,1) 
FI<J,K)=F1 (J , K )- F1 (J , 1>
NEXT K 
A 1 <J,11=0 
F 1 (J ,1)=0
NEXT J
•
! INITIAL ZERO SUM
•
FOR K=1 TO Cw_step_number




FOR K=2 TO Cw_step_number
FOR J=1 TO CSaccuracy
AO <K )=AO <K )-*■ A 1 <J ,K) 
FO<K)=FO<K)+Fl< J , K )
NEXT J
A O O O = A O < K >  /C8accuracy 






























FOR K=1 TO Cw_step_number 
FOR J=1 TO CSaccuracy 
Igs <K)=IgsO<J,K)+Igs <K) 
Ids <K> =IdsO <J ,K> +Ids<K) 
Vgs <K)=VgsO(J ,K>+Vgs <K) 




3010 F4(M,K)=FO<K)3020 Igsf <li,K)=2500*Igs <K)/<CSaccuracy*300> !R_gate=300 ohms(2.Si 1000)
3030 Idsf<M,K)=-Ids<K>/ (C8accuracy*.25)! R_drain =0.25 ohm (l.OilOOO)
3040 Vgs-f <M, K) =-5*Vgs (K> / <C8accuracy) ! <5.0:1000)




3090 FOR J=1 TO Cw_step_number
3100 De_gain <M, J) = (A4 <M,J >-A3(M, J)>/50
3110 De_phase(M,J)=<F4<M,J)-F3<M,J))/10






3180 PRINT ” TITLE = ";
3190 INPUT Title*
3200 PRINT Title*




3250 PRINTER IS Printer
3260 PRINT Title*
3270 FOR M=1 TO Freq_number
3280 GOSUB Print
3290 NEXT M
3300 PRINTER IS 1
3310 GOTO Setkeys
3320 !
3330 ! PRINT RESULT
3340 !
3350 Print:PRINT TIME*<TIMEDATE)
3360 PRINT -FREQ (GHz) = “jFreq(M);" GAIN (dBm) = “;G < M)
3370 PRINT - ”
3380 PRINT - INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds
E-f f . *'
3390 F'RINT “ (dBm) (dBm) <dB) (dgrees) <ua) (mv) <ma)
<V> <•/.)••
3400 PRINT " “
3410 FOR J=1 TO Cw_step_number
3420 ! ADDED EFFECIENCY = (Pout-Pin)/(Fdc+Pin)
3430 Pout put = 1 O'' (Pout <M, J) / IO)
3440 P i nput = 1 O'' (Pin(M,J)/10)
3450 E-f T <M,J ) = lOO* (Pout put — Fi nput ) / ( Vdsf (M.J) tldsf <M,J)+P input)
3460 PRINT USING I mage 1 ;Pin(M,J) ; Pout (M.J) : De_gai n <M, J ) : De_phase (M.J) ; Igs-f (M.J
) :Vgs( (M.J); Idsf (M,J) ;VdsP (M.J) ,EPf (M.J)
3470 NEXT J














































MASS STORAGE IS ”«HP82901,700,1”
PRINT "DATA FILE NAME= "5 
INPUT Databile*
PRINT Databile*
IF Flag_data=l THEN GOTO Meae_data 
CREATE BDAT Data_fi1e*,30 
ASSIGN <?Path_l TO Databile*
OUTPUT (?Path_l; A3 < $),F3<*>,Freq_number , Cw_step_number,Freq<*>,PO<*>,P<* 
(*),Tg(*),CBaccuracy 
GOTO Cont
Measdata: CREATE BDAT Data_f i 1 eS, 60 
ASSIGN i?Path_l TO Databile*
OUTPUT l?Path_l;Pin <*> ,Pout <*) , De_gain <*> , De_phase(*>,Freq(»),Cw_step_nu 
G < * ) , Fr eq_number , Igsf <*) , Vgsf (*) , I dsf (*> , Vdsf ( * )
Cont: !
ASSIGN l?Path_l TO *
MASS STORAGE IS “:HP82901,700,O”
GOTO Setkeys
I
! GET DATA FROM DISC
1
Get cal data:!
3810 MASS STORAGE IS ”:HP82901,700, 1"
3820 PRINT "CALIBRATION-DATA FILE NAME= •• •
3830 INPUT Datajilet
3840 PRINT Databile*
3850 ASSIGN 6'F 1 TO Data file*
3860 ENTER l?F 1 ; A3 < * ) , F3 ( * ) , Freq_number ,Cw_step
n < * ) ,Tg(*),C8accuracy
3870 ASSIGN l?F_ 1 TO *





! GET MEASUREMENT DATA 1 FROM DISC
3930 Get_meas_data: PRINT "MEASURED-DATA FILE NAME =
3940 INF'UT Data_file*
3950 PRINT Data_file*
3960 MASS STORAGE IS ”:HP82901,700, 1”
ASSIGN ij'F_ 1 TO Data_file*
ENTER lyF^  1 ; Pin ( * ) , Pout ( * ) , De_gain ( * ) , De_phase < * ) , Freq < * ) , Cw_step_nu<nber 
,Freq number, Igsf(* >.Vgsf < *), I dsf <*),Vdsf < *)
ASSIGN i5*F__ 1 TO *






4030 Ì A/D READ
4040 1
4050 Read_a_d_2:OUTPUT Ao USING Image3;2~<N-1)
4060 ENTER Ao USING Image4;C3
4070 RETURN
4080 Read a d : !
4090 Ao=71O
4100 FOR N=2 TO 3
4110 OUTPUT Ao USING Image3;2~<N-1)
4120 ENTER Ao USING Image4;D(N>
4130 NEXT N
4140 Ao=706
4150 FOR N=1 TO 4
4160 OUTPUT Ao USING Image3; 2"' <N-1 )
4170 ENTER Ao USING Image4;Dd<N>
4180 NEXT N
4190 PRINT USING Image2;D <2),D(3),Dd < 1 > ,Dd <2),Dd <3),D d (4)
4200 RETURN
4210 Test: !






4280 Dd <N> =C3
4290 NEXT N
4300 PRINT USING Image2;D<1>,D<2),D<3),D<4),D d <1),D d (2),D d (3) , Dd (4)
4310 GOTO Test
4320 1
4330 Pt_del gain: !
4340 1
4350 Labely*=" DELTA-GAIN ( dB >“
4360 Tex11*=“ DELTA-GAIN v.s. OUTPUT POWER "
4370 Text2*=" DELTA-GAIN v.s. INPUT POWER "
4380 Labelt*=”DELTA-GAIN vs INPUT POWER <0> or OUTPUT POWER (1) =
4390 Ques5*="MAXIMUN DELTA-GAIN = "
4400 Ques6t="MINIMUM DELTA-GAIN = “
4410 FOR J=1 TO 10
4420 FOR K=1 TO 20




4470 IF Ans*="YM THEN GOTO Pt del_qain
4480 PAUSE





































PRINT Del_gai n_-f g 







FOR J=1 TO IO 
FOR K=1 TO 20





















FOR K= 1 TO 20

















4970 Yat i ck-(Yamax — Yami n)/Ya_r ange
4980 CSIZE 4
4990 LORG 6





















































INPUT "NAME It DATE = ", Name_data*
Ans*="N"
INPUT "PLOTTER IS EXTERNAL ? < Y/N ) <N> 
IF Ans*=”Y ” THEN GOTO Ext 
PLOTTER IS 3,"INTERNAL"
FOR I=— .25 TO .25 STEP .1
MOVE X_gdu_max/2+I,Y_gdu_max 









IF Del_gain_Fg=0 THEN 
LABEL Text2*
ELSE






















LABEL Label j: 2*
ELSE
























FOR M=1 TO Freq_number
MOVE X(M,1),Y<M,1>
FOR 1 = 1 TO Cw_step_mjmber
PLOT X <M,I>,Y(M,I>
NEXT I







MOVE Xamin+5. 2*Xatick,Label_ay 
LABEL “ FREQ(GHz) GAIN <dB)









IF Ans*="Y" THEN GOTO Plot_l 








Labely*=" DELTA-PHASE < DEGREES >"
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Text2*=" DELTA-PHASE v.s. INPUT POWER "Label t*="DELTA-PHASE vs INFUT POWER (O) or OUTPUT POWER 
Ques5*="MAXIMUN DELTA-PHASE = "
Ques6*="MINIMUM DELTA-PHASE = "
FOR J=1 TO IO
FOR K=1 TO 20














IF Ans*="Y" THEN GOTO Ex_pipo
















Yat i ck=(Yamax — Yamin)/Ya_ranqe
CSI2E 4
LORG 6
PRINT "NAME & DATE = ";
Name_date* = ”T. C.CHENG APRIL 2,1984"
INPUT Name_date*
PRINT Name_date*
PRINT "PLOTTER IS EXTERNAL ? < Y/N ) <N> "
INPUT Ans*
IF Ans*="Y" THEN GOTO Ext2 
PLOTTER IS 3, " INTERNAL"
FOR I =-.25 TO .25 STEP .1
MOVE X_qdu_ max/2+I,Y_gdu max





















































Ex t2: PLOTTER IS 705, "HPGL"






























FOR I= Xamln TO Xamax




FOR I—Yamin TO Yamax





FOR M = 1 TO Freq number
MOVE Pin(M.1).Pout(M.1)
FOR 1=1 TO Cw s t e p  number





































LABEL " FREQ(GHz) GAIN <dB>
FOR J=1 TO Freq_number
MOVE Xainin+5IXatick,Yamin+(5-J) »Yatick 






READ F r e q n u m b e r ,Cw_step_number 
PRINT Freq_number5Cw_step_number 
FOR M=1 TO Freq_number
READ Freq(M),G(M)
PRINT Freq <M) 5 G <M)
FOR J=1 TO Cw_step_number
READ Pin <M,J) ,Pout <M,J),De_gain <M,J> ,De_phase(M,J) 





CHAPTER 3 INTER-ACTIVE COMPUTER STUDY o f  INSTABILITY in  CaAs IEVICES
3 .1  S-PARAMETERS
The use o f  S -p a ra m e ters  f o r  c h a r a c t e r iz a t io n  o f  sm al1 - s ig n a l , 
l i n e a r  microwave d e v ic e s  and c i r c u i t s  i s  w e ll k n o w n (l) . S—param eters 
a r e  a v a lu a b le  t o o l  in  a n a ly t ic  d e s ig n  o f  l in e a r  microwave c i r c u i t s ( 2 ) ,  
b ecau se  o f e a se  o f  measurement and th e  con v en ien ce  o f  t h e i r  u s e . 
A n a ly t ic  d es ig n  p ro ced u re , u sin g  S—p a ram ete rs , a re  w e ll developed f o r  
s m a l l - s ig n a l  t r a n s i s t o r  a m p l i f ie r s .  A b lo ck  diagram  o f  s in g le  s ta g e  
GaAs PET a m p l i f ie r  i s  shown in  F ig u re  3«1»1>









F ig u re  3 .1 .1  A b lo ck  diagram o f a s in g le  s ta g e  GaAs FET a m p lif ie r
Input r e f l e c t i o n  c o e f f i c i e n t  f i n  and output r e f l e c t i o n  
c o e f f i c i e n t  f o u t  o f  a t r a n s i s t o r  w ith  m atch ing c i r c u i t s  a re  re p re sen ted  
u s in g  th e  S—p aram eters o f th e  t r a n s i s t o r  a s  fo llo w s .
S12
F ig u re  3 . 1 . 2 .  Flow graph f o r  c a l c u l a t in g  f i n  and f o u t .
P«out
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W here: S I I -  Input r e f l e c t i o n  c o e f f i c i e n t  when te rm in a te d  a t  o u tp u tp o r t .
S2 2 -  Output r e f l e c t i o n  c o e f f i c i e n t  when te rm in a te d  a t  in p u t p o r t .
S 1 2 - R ev erse  tra n s m is s io n  c o e f f i c i e n t  when te rm in a te d  a t  in p u tp o r t .  
S 2 1 - Forward tr a n s m is s io n  c o e f f i c i e n t  when te rm in a te d  a t  o u tp u tp o r t . 
P s -  R e f le c t io n  c o e f f i c i e n t  o f  th e  s o u rc e .
P i -  R e f le c t i o n  c o e f f i c i e n t  o f  th e  lo a d .
Z s- Sou rce  impedance .
Z l-  Load im pedance.
Flow graph te c h n iq u e s  ca n  be used t o  d eterm ine th e  o v e r a l l  resp o n se
o f  a network once th e  component p a r ts  a re  known. A flo w  graph r e d u c tio n  
te ch n iq u e  known a s  "  Mason’ s  n o n -to u c h in g -lo o p  r u le  "  (3 )  say  t h a t  th e  
o v e r a l l  resp on se  o f  a  netw ork i s  th e  sum o f p a th s  w hich energy  ca n  flo w  
through  th e  n etw o rk . T h e r e fo r e , from  s ig n a l  flow  graph a s  shown i n  F ig u re
3 .1 .2  y ie ld s
S 2 1 » S 1 2 * f1
S11 +
X -  S 2 2 -P 1
1 S l l - ^
3 .2  STABILITY OF A TWO PORTS NETWORK
One im p o rtan t p aram eter in  th e  d esig n  o f microwave a m p l i f ie r s  
i s  th a t  o f  s t a b i l i t y .  A Ps o r  i^l which cau se  th e  m agnitude o f .Pout.o r 
P in  to  be la r g e r  th an  u n ity  makes th e  netw ork u n s ta b le , on th e  o th e r
hand,a Pi or Ps which cause the magnitude of Pin and Pout to be eq u a l to 
or smaller than unity makes the c ircu it  s t a b l e .
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The tr a n s d u c e r  g a in , G t, o f  a  t r a n s i s t o r  i s  d e fin ed  a s (4 ) :
Ct —
|S2lJ (  l -| P s | 2 )  ( 1 -¡Pli 2) _______________
|( 1 -  S i l l ’s )  (  1 -  S 22  Pi) -  a !2  S 2 l P s P l | 2 ( 3 . 2 . 1 )
When is and -Pi a re  image matched to  th e  t r a n s i s t o r ' s  two p o r ts , th e
g a in  can  be maximized to  g iv e :
S21
( 1 -  |S11|2 ) (  1 - | s 2 2 I 2 )
( 3 . 2 . 2 )
max
P  * p *• *■ *
Where J s  = S l l  and - '1 = S 22 , S l l  and S 22  b ein g  th e  complex c o n ju g a te
r e f l e c t i o n  c o e f f i c i e n t s  o f S l l  and S22 r e s p e c t iv e ly .
In  B q n . ( 3 . 2 . 2 ) , S I 2 i s  assumed to  be z e r o , i . e .  th e  d ev ice  i s  assumed
u n i l a t e r a l .
The S -p a ra m e te rs  a ls o  d eterm ine R o l l e t t ’ s  s t a b i l i t y  f a c t o r ,  K (5 ) :
K = 1 -  j s i l  S22 -  S12 S 2 l l 2 -  I S l l  12 -  I S22 I ( 3 . 2 . 3 )
2 j S12 S21 j
I f  K i s  l a r g e r  th a n  u n i t y ,  an optimum co m b in atio n  o f  -Ps and P i  ca n  
s im u lta n e o u s ly  m atch th e  t r a n s i s t o r ' s  two p o r t s  t o  m axim ize th e  g a i n ( 6 ) .
I f  K i s  s m a lle r  th a n  u n i t y ,  th e  t r a n s i s t o r  i s  o n ly  c o n d i t i o n a l l y  s t a b l e ,  
some c o m b in a tio n s  o f  s o u rc e  and lo a d  im pedances w i l l  c a u s e  th e  t r a n s i s t o r  t o  
o s c i l l a t e .  T h e re fo re  Ps and P i  must be c a r e f u l l y  ch o se n  t o  o p e ra te  th e  
d e v ic e  in  a  s t a b l e  re g io n  ( 6 , 7 ) .  F o r  th e s e  t r a n s i s t o r s ,  th e  maximum 
a v i l a b l e  g a in  i s  n o t d e f in e d , a s  in  p r i n c i p l e  any d e s i r e d  g a in  c a n  be 
a ch ie v e d  by o p e r a t in g  a r b i t r a r i l y  c l o s e  t o  o s c i l l a t i o n .
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PLOTTING STABILITY CIRCidiS
S t a b i l i t y  c ir c le s  can be p lo tte d  d i r e c t ly  on a Smith c h a rt .
These separate the output o r in p u t planes in to  s ta b le  and u nstable  re g io n s .
A s t a b i l i t y  c i r c le  p lo tte d  on the  output plane in d ic a te s  the values of a l l  
loads th a t provide negative r e a l  inpu t impedance, th e re b y causing  the  c i r c u i t  to  
o s c i l la t e .  A s im ila r  c ir c le  can be p lo tte d  on the in p u t plane which in d ic a te s  
the values of a l l  loads th a t p ro vid e  ne ga tive  re a l output impedance and again 
cause o s c i l la t io n .  A negative re a l  impedance is  d e fin e d  as a r e f le c t io n  
c o e ff ic ie n t  which has a magnitude that i s  g re a te r than u n it y .
The regions of i n s t a b i l i t y  occur w ith in  the  c i r c le s  whose c e n te rs  and 
r a d i i  are expressed by (2 )
r s i 2 ( 3 . 2 . 4 )
S 1 2 *S 2 1
Rs l ( 3 .2 .5 )
(3.2.6 )
|sie»s2i|
( 3 .2 .7 )R
Where r g l -  c e n te r  on the in p u t plane
-  ra d iu s  on tne in p u t plane 
r  -  c e n te r  on the output plane
R . -  ra d iu s  on the output plane
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*
Cx =  S U  -  A -S 2 2  
C2 =  S22 -  A .S U 1 
A  =■ S 1 1 S 2 2  -  S
l l A - S
12-S21
(3 . 2 . 8 )
( 3 .2 .9 )
(3.2 . 10)
In  th e s e  e q u a tio n s  th e  a s t e r is k  r e p r e s e n ts  th e  com plex c o n ju g a te  v a lu e .
PLOTTING CONSTANT GAIN CIRCLES
The d e s ig n  o f  an a m p lif ie r  where K i s  p o s i t iv e  and g r e a t e r  than  u n ity
i s  r e l a t i v e l y  sim ple s in c e  th e s e  c o n d it io n s  in d ic a te  th a t  th e  d ev ice  i s
u n c o n d it io n a lly  s t a b le  under any load  c o n d i t io n s .  A ll  one needs to  do i s  to
compute th e  v a lu e s  o f  R and R , th a t  w i l l  s im u lta n e o u s ly  matoh bothms ml
th e  in p u t and output p o r ts  and g iv e  th e  maximum power g a in  o f  the 
d e v ice  ( 2 ) .
req u ired  to  c o n ju g a te ly  match th e  in p u t o f  th e  
t r a n s i s t o r .
H -  r e f l e c t io n  c o e f f i c i e n t  o f th a t  load  impedance ml
req u ired  to  c o n ju g a te ly  match th e  output o f th e  
t r a n s i s t o r .
( 3 .2 .1 1 )
Where R r e f l e c t i o n  c o e f f i c i e n t  o f  th e  so u rce  impedence
Bj a  1 +|Sll| 2 -  |S22|2 -| A ^
2 2 2 
B2 = 1 1 S22 | -  | S i l l  -| A  | ( 3 .2 .1 4 )
( 3 .2 .1 3 )
6 a
I f  th e  compute v a lu e  on B  ^ i s  n e g a t iv e , th en  th e  p lu s  s ig n  shou ld  be 
used  in  f r o n t  o f  th e  r a d ic a l  in  e q u a tio n  ( 3 * 2 .1 1 ) .  C o n v e rse ly , i f  
i s  p o s i t iv e ,  th e n  th e  n e g a tiv e  s ig n  should be u s e d . T h is  a ls o  a p p l ie s  
in  e q u a tio n  ( 3 * 2 .1 2 ) .  By u s in g  th e  a p p ro p ria te  s ig n  on ly  one answ er w i l l  
be p o s s ib le  in  e i t h e r  e q u a tio n  and a v a lu e  o f  l e s s  than  u n ity  w i l l  be 
com puted.
The d esig n  method when K i s  l e s s  than  u n ity  i s  to  f i r s t  s e l e c t  th e  
th e  d e s ire d  g a in  and c a l c u l a t e  th e  lo cu s  o f  a l l  lo a d  im pedances t h a t  
w i l l  y ie ld  th e  d e s ire d  g a in  when th e  t r a n s i s t o r  in p u t i s  c o n ju g a te  
m atched. T h is  lo c u s  i s  th e  c o n s ta n t  g a in  p ix e l s  on a Sm ith c h a r t .
The c e n te r  and th e  ra d iu s  o f  th e  c o n s ta n t g a in  c i r c l e  a re  
g iv e n  by th e  fo llo w in g  e q u a tio n s  (2 )
( 3 - 2 .1 5 )
( 1 -  2K|S12S21|G + | S 12S 21| 2G2 )X^ 2
where
“ th e  c e n t e r  o f  th e  c o n s ta n t g a in  c i r c l e  on th e  output p la n e . 
IL. -  th e  r a d iu s  o f  th e  c o n s ta n t g a in  c i r c l e  on th e  output p la n e .
|S21| *
Gp -  th e  d e s ire d  t o t a l  a m p l i f ie r  g a in  ( num eric )
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I f  th e  compute v a lu e  on i s  n e g a t iv e ,  then  th e  p lu s  s ig n  should be 
used in  f r o n t  o f th e  r a d ic a l  in  e q u a tio n  ( 3 . 2 . 1 1 ) ,  C o n v e rse ly , i f  
i s  p o s i t i v e ,  th en  th e  n e g a tiv e  s ig n  shou ld  be u sed . T h is  a l s o  a p p lie s  
in  e q u a tio n  ( 3 * 2 .1 2 ) .  By u sin g  th e  a p p ro p ria te  s ig n  o n ly  one answer w il l  
be p o s s ib le  in  e i t h e r  e q u atio n  and a  v a lu e  o f l e s s  th an  u n ity  w il l  be 
com puted.
The d e s ig n  method when K i s  l e s s  th an  u n ity  i s  to  f i r s t  s e l e c t  th e  
th e  d e s ir e d  g a in  and c a lc u la t e  th e  lo c u s  o f a l l  load  im pedances th a t  
w i l l  y i e l d  th e  d e s ire d  g a in  when th e  t r a n s i s t o r  in p u t i s  c o n ju g a te  V . 
m atched . T h is  lo c u s  i s  th e  c o n s ta n t g a in  c i r c l e  on a Sm ith ch a rt .
The c e n t e r  and th e  ra d iu s  o f  th e  c o n s ta n t g a in  c i r c l e  a re  
g iv e n  by th e  fo llo w in g  e q u a tio n s  (2 )
C
( 3 .2 .1 5 )
R,02
whe re
r Q2 -  th e  c e n t e r  o f th e  c o n s ta n t g a in  c i r c l e  on th e  output p la n e .
-  th e  ra d iu s  o f th e  c o n s ta n t g a in  c i r c l e  on th e  output p la n e .
|S21| *
Gp -  the d e s ire d  t o t a l  a m p l i f ie r  g a in  ( numeric )
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A f te r  a load  th a t  f a l l s  on th e  d e s ire d  c o n s ta n t  g a in  c i r c l e  has been 
s e l e c t e d ,  a  so u rce  impedance i s  s e le c te d  t o  a ch ie v e  th e  d e s ire d  g a i n .
The v a lu e  f o r  th e  g e n e r a to r  ( o r  so u rce  ) impedance th a t  s im u lta n e o u s ly  
m atches th e  in p u t load  i s  g iv e n  by (2 )
The s t a b i l i t y  c i r c l e s  s e p a r a te  th e  s t a b le  re g io n s  on th e  S m ith  c h a r t  
from  th e  p o t e n t ia l ly  u n s ta b le  r e g io n s . W hether th e  in s id e  o r  t h e  o u ts id e  
o f  th e  load  s t a b i l i t y  c i r c l e  i s  th e  re g io n  o f  s t a b i l i t y ,  i t  c a n  be
co rrsp o n d in g  t o  any load  impedance Z  ^ in s id e  th e  c i r c l e  u s in g  e q u a tio n  
( 3 . 1 . 1 ) .  I f | i^ n l i s  g r e a t e r  th an  u n ity , th e  in s id e  o f  th e  c i r c l e  i s
p o t e n t ia l ly  u n s t a b le .  .
A s im ila r  te ch n iq u e  can  be a p p lied  t o  th e  output r e f l e c t i o n  
c o e f f i c i e n t  , u s in g  e q u a tio n  ( 3 . 1 . 2 ) .
For to e  c a s e  where K<1 th e  maximum s t a b le  g a in  o r  MSG o f  th e  
t r a n s i s t o r  can be c a lc u la te d  as
In  g e n e r a l ,  where K ^  1 , th e  maximum a v a i la b le  g a in  (MAG)
Thus MAG = MSG when K -  1 and th e  MSG i s  th e  g a in  th a t  ca n  be o b ta in e c  
from th e  t r a n s i s t o r  when th e  input and output r e f l e c t i o n  c o e f f i c i e n t s  
f a l l  on th e  b o u n d aries  o f  the. i n s t a b i l i t y  r e g io n s .
S I I  -  r.2r.1 ( 3 .2 .1 9 )
1 -  r2- S22
where r^ i s  th e  r e f l e c t i o n  c o e f f i c i e n t  o f  th e  load  p icked
d eterm ined  by c a l c u l a t in g  th e  in p u t r e f l e c t io n n  c o e f f i c i e n t
MAG —
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F o r  a tw o-p o rt w ith  th e  s t a b i l i t y  f a c t o r  K g r e a t e r  th an  u n ity , i t  i s  
p o s s ib le  t o  s im u lta n e o u sly  c o n ju g a te  match th e  tw o -p o rt t o  produce th e  
maximum a v a i la b le  g a in . The c o n d it io n  f o r  s im u ltan eou s co n ju g a te  match 
can be in s p e c te d  from  e q u a tic n s (  3 . 1 . 1 )  and ( 3 . 1 . 2 ) ,  y i e l d :
f i n  -  S l l  - f  g ? 1 312
1 -  S 2 2 .P l
S22 +
S12 S21 P s  
1 -  S l l J ° s
( 3 .2 .2 2  )
( 3 .2 .2 3 )
The load  im pedances R and R , under th e  sim u ltan eou s co n ju g a te  ms ml
matched c o n d itio n  a re  g iv en  by e q u a tio n s  ( 3 .2 .1 1 )  and ( 3 .2 .1 2 ) .
The t r a n s i s t o r  can then  be m odeled e i t h e r  in  s e r ie s  form o r  
in  p a r a l le l  form a s  shown in  F ig u re  3 .2 .
X
o -----------------
( L o r  C )
S e r ie s  form P a r a l l e l  form
F ig u re  3 .2  S e r ie s  and p a r a l l e l  e q u iv a le n ts  o f an impedance
The co n v ersio n  form u lae f o r  s e r i e s  and p a r a l l e l  e q u iv a le n ts  a re
a s  fo l lo w : /  \  2 ,
Xs
R * R* 3 p
s
X
( 3 .2 .2 4 )
( 3 .2 .2 5 )
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3 .3  Computer program
An i n t e r - a c t i v e  com puter program  has been developed by th e  a u th o r , 
s in c e  th e  s t a b i l i t y  o f  th e  t r a n s i s t o r  i s  o f  v i t a l  im portance f o r  th e  
d e s ig n  o f an a m p l i f ie r .  The program i s  w r it te n  in  b a s ic  langu age f o r  th e  
HP9845 d esk to p  com puter.
The program s t r u c tu r e  c o n s i s t s  o f  th re e  c o n t r o l  l e v e l s .  S ee  F ig u re  3 . 3 . 1 .
C o n tro l l e v e l  1 :  There a re  th r e e  c o n tr o l  keys a v a i la b le  i n  t h i s  
l e v e l ,  by p r e s s in g  Key "  0  ” on th e  keyboard o f  th e  com puter, a  new 
d a ta  s e t  o f  S -p a ra m e te rs  can  be c r e a te d  and s to r e d  in to  tn e  d a ta  ta p e .
Key " 24 "  c o n t r o ls  . p lo t t i n g  any v a lu e  o f  norm alized  r e s i s t a n c e  
o r  r e a c ta n c e  on th e  Sm ith  c h a r t ,  i t  i s  co n v en ien t to  lo c a te  any norm alized  
impedance on th e  c h a r t .  Tne t h i r d  c o n t r o l  keys i s  Key " 1 " ,  th e  com puter 
w i l l  f i r s t l y  r e lo a d  tn e  s p e c i f i e a  ¿ -p a ra m e te rs  d a ta  in t o  th e  memory from 
th e  s to ra g e  ta p e .  The S -p a ra m e te rs  can  be e i t h e r  l i s t e d  on th e  
m o n ito r s c re e n  o r  p r in te d  a s  a hard  co p y . O v erlay in g  p re v io u s  c a l c u l a t in g  
cu rv e s  a re  a l s o  p ro v id e d , b e fo re  i t  goes to  S u b -c o n tro l  l e v e l  2 .
The flow  c h a r t  o f  c o n t r o l  n o . 1 i s  shown in  F ig u re  3 . 3 . 2 .
C o n tro l l e v e l  2 :  The flow  c h a r t  o f  c o n t r o l  le v e l  n o . 2 i s  found in  
F ig u re  3 .3 .3 «  A t y p i c a l  c o n t r o l  t a b l e  f o r  FSX51WF i s  a s  f o l l o w t :
CONTROL A ctio n












12 I n t e r p o la t io n  o f S -p a ra m e ters
13 P lo t S -p a ra m e te rs  on th e  Sm ith c h a r t
14 P lo t Sm ith  c h a r t  a s  a  background
15 P lo t S12  & S21 s c a l i n g  background.
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IBy ty p in g  num eric number ” 0 " ,  i t  e x i t s  t o  C o n tro l l e v e l  n o . l .
By ty p in g  any numeric number fro m  " 1 " t o  ” N " (w hich  i s  " 1 1  " i n  
t h i s  example f o r  FSX51WF), i t  g o e s  to  C o n tro l le v e l  n o .3- 
I n t e r p o la t io n  o f  S -p a ra m e ters  i s  made by num eric number " 1 " ,
The fo llo w in g  numeric c o n t r o l  num bers g iv e  f a c i l i t i e s  f o r  p lo t t in g  
S -p a ra m e te rs  on th e  Sm ith  c h a r t  background f o r  S l l  and S22 a s  in  F ig u re  
3 . 3 - 5  , f o r  S12 and S21 i s  shown i n  F ig u re  3 - 3 .6  w ith  p o la r  s c a l in g  
backgrou nd .
C o n tro l l e v e l  n o .3 : The Flow c h a r t  f o r  t n i s  c o n t r o l  l e v e l  i s  shown 
F ig u r e  3 - 3 - 4 -  In  t h i s  c o n tr o l  l e v e l ,  a  com putation  s t a r t  w ith  c a lc u la t in g  
o f  s t a b i l i t y  K f a c t o r  a t  d e s ir e d  s in g le  fre q u e n cy . S t a b i l i t y  c i r c l e s  
in fo r m a tio n  a re  g iven  e i t h e r  a t  th e  in p u t o r  output p o r t s .  An example 
o f  th e  i n s t a b i l i t i e s  re g io n s  (  shaded a r e a s  ) i s  shown in  F ig u re  3 .3 .7 *  
f o r  FSX51WF a t  th e  in p u t p o r t .  C o n sta n t g a in  c i r c l e s  c a n  be p lo tte d  
w ith  s e v e r a l  d e s ire d  g a in  v a lu e s .  F ig u re  3 - 3 - 8  i s  an example f o r  FSX51WF 
w ith  i t s  c o n s ta n t g a in  c i r c l e s  a t  6CHz, 8GHz and 10GHz. For K g r e a te r  
u n i t y ,  based on s im u ltan eo u sly  m atched b o th  a t  th e  in p u t and output p o r t s ,  
th e  d e v ice  can  be model'ed in  e i t h e r  s e r i e s  form o r  p a r a l l e l  form , F ig u re
3 . 3 . 9  i s  an example f o r  NE72089 w ith  i t s  model a t  8GHz.
I 7 3

$F ig u re  3 .3 .2  Flow chart f o r  C o n tro l L evel n o . l
I 75
F ig u re  3 .3 .5  Flow c h a r t  f o r  C o n tro l L evel n o . 2
76
I
Sub -  C o n tro l N -  Number
1f
P r in t  out c o n t r o l  nu aber , freq u en cy  and K f a c t o r




Hard copy r e q u ir e  ?
o Yes.
S e t F la g
S e t *3 *
No
P rin t o u t ; 1 . S t a b i l i t y  c i r c l e s  in fo rm a tio n :
C e n te r s  and R ad ius on th e  input 
and ou tpu t p la n e s  
2 . .  ilaximum s t a b le  g a in
P lo t S t a b i l i t y  C i r c le s  ?
<>
Yes




C i r c l e  F i l l e d  ?
t ^ i





►| S e t  F la g
| *—
*] S e t  F la g  |
1
♦  S e t  F la g
U n co n d itio n a l S ta o le  ?
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©F ig u re  5 .3 .4  Flow chat? f o r  C o n tro l L evel n o .3
I 78
FSX51X CVd»« 8.00 V Id*"
FREQ < Mhl> S UM SI l a
2 0 0 0 . 0 0 . 9 3 3 - 5 2 . 0 0
3 0 0 0 . 0 0 . 8 9 9 - 7 1 . 0 0
4 0 0 0 . 0 0 . 8 5 9 - 8 3 . 0 0
5 0 8 0 . 0 0 . 8 1 5 - 9 3 . 0 0
6 0 0 0 . 0 0 . 7 7 2 - 1 0 8 . 0 0
7 0 0 0 . 0 0 . 6 4 6 - 1 3 4 . 0 0
8 0 0 0 . 0 0 . 5 8 6 - 1 6 3 . 0 0
9 0 0 0 . 0 0 . 5 5 9 1 7 4 . 0 0
1 0 0 0 0 . 0 0 . 5 3 2 1 5 5 . 0 0
1 1 0 0 0 . 0 0 . 5 1 0 1 4 2 . 0 0
1 2 0 0 0 . 0 0 . 4 5 6 1 1 3 . 0 0
3 0 . 0 0  » * >  :  s - p
S 2 1 m S 2 1 a S 12a
2 . 6 5 8 1 3 0 . 0 0 . 0 2 9
2 . 3 5 ? 1 1 0 . 0 0 . 0 3 5
2 . 2 0 5 9 9 . 0 0 . 0 3 8
2 .  1 0 2 8 5 . 0 0 . 0 4 1
2 . 0 7 8 7 2 .  0 8 . 0 4 9
2 . 0 5 5 5 4 . 0 0 . 0 5 6
2 . 0 6 0 3 0 . 0 0 . 0 5 9
2 . 0 3 1 6 . 0 0 . 0 6 6
1 . 7 6 5 - 1 9 . 0 0 . 0 7 1
1 . 6 5 9 - 3 9 . 0 0 . 0 8 2
1 . 6 0 5 - 6 2 . 0 0 . 1 0 3
S 12 a S 2 2 m S 2 2 a
5 3 . 8 0 . 7 7 9 - 3 2 . 0 0
3 9 . 0 0 . 7 8 4 - 4 2 . 0 0
3 3 . 0 0 . 8 0 1 - 5 2 . 0 0
2 6 . 0 0 . 7 9 2 - 5 7 . 0 0
1 5 . 0 0 . 7 8 9 - 6 3 . 0 0
- 1 . 0 0 . 7 4 2 - 7 2 . 0 0
- 2 6 . 0 0 . 7 3 0 - 8 8 . 0 0
- 4 6 . 0 0 . 701 - 1 1 2 . 0 0
- 6 4 . 0 0 . 7 1 1 - 1 3 7 . 0 0
- 7 8 . 0 0 . 7 3 2 - 1 5 3 . 0 0
- 9 7 . 0 0 . 7 0 ? - 1 7 5 . 0 0
F ig u re  3 .3 .5  P lo tt in g  S l l  and S22 on the Smith c h a rt fo r  FSX51WF
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FSX31X <Vd»- 8.00 V Ids* 30.00 at) S -p j
FRECKMhz > SI la> SI la S21m S21 a S12a> S 12a S22m S22a
2000.00 .933 - 32.00 2.638 130.00 .029 33.00 . 779 - 32.00
3000.00 . 899 - 71.00 2.337 110.00 .033 39.00 . 784 - 42.00
4000.00 . 859 - 83.80 2.203 99.00 . 038 33.00 . 801 - 52.00
3000.00 .813 - 93.00 2. 102 83.00 . 041 26.00 . 792 - 37.00
6000.00 .772 - 108.00 2.078 72.00 .049 13.00 . 789 - 63.00
7000.00 .646 - 134.00 2.033 34.00 .036 - 1.00 .742 - 72.00
8000.00 .386 - 163.00 2.060 30.00 .039 - 26.00 . 730 - 88.00
9000.00 . 339 174.00 2.031 6.00 .066 - 46.00 .701 - 112.00
10000.00 .332 133.00 1.763 - 19.00 .071 - 64.00 .711 - 137.00
11000.00 .310 142.00 1.639 - 39.00 .082 - 78.00 . 732 - 133.00










: * * i
...............








CSmag CSang Radi CLrr.ag CLang Radi
1.78 177.91 .73 3.13 130.23 2.04
STABILITY region: UNCONDITION UNCONDITION




FREQ < MHz) Gaax Input natch lap. Output match Imp.
<dB> ZSaag ZSang ZLaag ZLang
6800.00 11.56 .81 177.91 . 72 130.23
STABILITY CIRCLE
INPUT PLANE OUTPUT PLANE
Origin Radius Or i g i n Radi us
FREQ < Mhz > K CSaag CSang Rads CLmag CLang Radi
10 0 0 0.ee 1.07 1.92 234.13 . 89 2. 04 181.49 1.01
STABILITY regi on: UNCONDITION UNCONDITION





FOR MAXIMUM GAIN 
Input aatch lap. 
. ZSaag ZSang 
.84 234.13
Output aatch lap. 
ZLaag ZLang 
.83 181.49
at 6 GHz, 0CHz and 10 GHz
STABILITY CIRCLE
INPUT PLANE OUTPUT PLANE
Origin Radius Origin Radius
FREQ ( Mhz) K CSmag CSang Rads CLnag CLang Radi
8000.00 1.14 1.77 203.11 .71 2.09 149.61 1.02
NE72089 <Vds “ 4.00 V Ids“ 30.00 at)
STABILITY region: UNCONDITION
Rs1mod'Rs1: 1.770 x .714 ;Rs2modxRs2: 2.092 x 1.024
UNCONDITION 
; MSG • 12.486 dB
SIMULTANEOUS MATCH FOR MAXIMUM GAIN 
FREQ (MHz> G»ax Input match Imp.
<dB> ZSmag ZSang
8000.00 10.23 .80 203.11
Output match Imp. 
ZLmag ZLang 
.77 149.61
INmatch-r“ .112 INmatch-x”-.202 OUTmatch-r» .140 
In 50 Ohms System : (Resistor in Ohms)




Source-r* .112 Source-x* .202 Load-r«
In 50 Ohms System : (Resistor in Ohms)
SE: Source-R“ 5.625 Source-IND(nH)“ .201 
PA: Source-R“ 23.756 Source-IND(nH)" .263 
SE: Load-R» 6.991 Load-CAP(pF)« 1.492 
PA: Load-R» 32.414 Load-CAP(pF)- 5.427
140 Load-x“-.267
0.201 nH
5 . 6 0 6 . 9 9 0 4 -  Zout
Z .—> 0.26nH~ in 2 5 . 7 0 3 Ü . 4 0 - 1-  5«4pF <r-ZT out
F ig u re  5 . 5 . 9  NE72089 inp u t & o u tp u t model* a t  8.0GHz
in  s e r ie s  form  and p a r a l l e l  form
0 5 I
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THIS PROGRAM IS USEE TO CALCULATE STABILITY CIRCLES OF THE DEVICE 
FOR MEASURED S parameters
30r04r1983 
PROGRAM NAME









150 I mage 1: IMAGE MDDDDD.DD,2X,MDD. DD,3X,MDDD.DD,3X,MDDD.DD,MDDD.DD,3X,MDDD.DD,
3X,MDDD.DD,MDDD.DD
160 1mage2: IMAGE MDDDDD . DD,2X,MDD. DD , 3X,MDD.DD,2X,MDDD.DD,4X,MDD.DD,2X,MDDD.DD
170 Image3: IMAGE MDDDD.DD,2X,MDD. DD, 3X,MDD.DD,2X,MDDD.DD,4X,MDD.DD,2X,MDDD.DD
180 Image4: IMAGE MDDDDD.DD,1X,MDD.DDD,1X,MDDD.DD,1X,MDD.DDD,1X,MDDD.DD,1X,MDD
.DDD,IX,MDDD.DD,IX,MDD.DDD,IX,MDDD.DD 
190 Images: IMAGE MDDD,8X,MDDDDD.DD










230 ! MASS STORAGE IS “:T14"
240 ASSIGN «1 TO Data_file*
READ *l;XrC«),Yr<*>,Rrr<*),Xx<*>,Yx(*>,Bbb<*> 











290 PRINT " “





















#0 : INPUT S-parameters DATA "
#1 : GET S_parameters FROM tape"
•5 : Plotting Smith Chart as background" 
ON KEY «0 GOTO Input_data 
ON KEY «1 GOTO Start 
ON KEY *5 GOTO Smith 
ON KEY »25 GOTO Scale 
ON KEY »24 GOTO Zr_zx 
ON KEY »26 GOTO Smithl 
LABEL KEY *25,"Scale"
LABEL KEY »24,"Z=r♦jx”








PRINT " WRONG FILE name FOLK ! Try Again . "
MASS STORAGE IS “:T14•
“Daia_f i1e FROM Tape ? "J 
INPUT Datafile*
PRINT Dat a_fi 1e*
ON ERROR GOTO Start0 
ASSIGN «1 TO Dat a_f ile*
READ » 1 ;Freq num,Freq< *>,SIlm<*>, SIIa<*>,S 1 2m<*>,S12a<*>,S21 m<*>,S21 at *>,S





510 ASSIGN ttl TO *
520 MASS STORAGE IS " : T 1 5 "




570 Lf  g = 0
580 IF Ans*=“ N" THEN L f g = l  
590 IF L f  g= 1 THEN GOTO 700 
600 PRINTER IS 0
610 FIXED 2
620 p r i n t  T i * ; “ "Vds = " ; V d s ;  " V ” ; •
630 FIXED 3
640 PRINT " FREQ < Mhz > S l im S U a
S22a "
650 FOR 1=1 TO Freq_nu*
660 PRINT USING I n a g « 4 ; F r e q < I > , S 11m<I ) , S 1 1a < I ) , S21m<I » , S21 a<I  
,S22m<I>,S22a<I>
670 NEXT I
680 PRINT " "
690 PRINTER IS 16
700 FOR 1=1 TO F r » q _ n u n
710 IF S l l a d X e  THEN S 1 1 a< I > =360*S 11 a(  I >
720 IF S 1 2a< 1 X 0  THEN S 12 a < I >=360+S12 a < I >
730 IF S21a < I > < 0 THEN S21a < I ) »360 + S21a < I >
740 IF S 2 2 a ( I > < 0  THEN S 2 2 a < I>=360 + S22a( I >
750 NEXT I
760 L i st 1: !
770 LOCATE 11 .894 27 313 5,1 11 .013 21 592 2,0 ,99 .1 18 94 279 1
780 GRAPHICS
790 SCALE - 1 , 1 , - 1 ,  1 H




840 IF Ans*="N" THEN PLOTTER IS "GRAPHICS”
850 GOTO L i s t  
860 Int  1 *
870 PRINT " "
880 PRINT " I n t e r p o 1 a t i o n  ? <Y^N) d e f a u l t = N O
890 Ans * = “ N "
900 INPUT Ans*
910 PRINT Ans*
920 IF Ans*=*Y" THEN GOTO Here 
930 GOTO L i s t
940 Here:  PRINT " INPUT FREQ number “
950 INPUT K 1
960 PRINT K 1
970 K2=K1+1
980 FOR I*Freq_num TO K2 STEP -1 
990 F r e q < I ♦1 > = F r e q < I )
I860 S l l m ( I + l ) = S l l m < I )
lds = “ ; Ids;"ma"; “ ) “ :
S 2 1m 321 a S I 2m
-p a r am e t er s  "
S12a S22m
,S 1 2 m < I > , S 1 2 a ( I )
87 I
1010 S l l a < l + l > * S l l a < I >
1020 S21m<I♦ 1 >=S21m<I )
1030 S21a<I-*l> = S21a<I>
1040 S12m<I + l > = S12m<1>
1050 S12a<1*1>=S12a<1>
1060 S22m< I - » l  >=S22m< I >




1110 M 2 a = S l l a < K 2 + l )
1120 Mlm = S 11 m ( K1 )
1130 M l a - S l l a ( K l )
1140 CALL Interp<M3m,H3a,H2m,M2a,Mlm,Mla>
1150 S l i m < K2 >“ M3m 
1160 Sl la<K2>=M3a 
1170 M2m=S21mCK2+l>
1180 M2a=S21a< K2+1)
1190 U1 m = S2 1 m ( K1 >
1200 Ml a=S2 1 a< K 1 >
1210 CALL Interp(M3m,M3a,M2m, M2a,Mli» ,Mla>
1220 S2 1m <K2 > =M3m 
1230 S21a< K2 > =M3a 
1240 M2m=S12m<K2+l)
1250 M2a=S12a<K2+l>
1260 M1m = S 12m < K 1 >
1270 M1a=S 12a< K 1>
1280 CALL Interp(W3m,  U 3 a , M 2 m , M2a, Min., Ml a)
1290 S 12m <K2 > = M3m 
1300 S 12a<K2)=M3a 
1310 M2m=S22m<K2+l)
1320 M2a=S22a<K2+1)
1330 M1m = S22m <K 1 )
1340 M1a - S 2 2 a ( K 1 >
1350 CALL Interp<M3m,M3a,M2m,M2a,Mlm,Mla>
1360 S22m < K2 >-M3m 
1370 S22a<K2>=M3a
1380 Fr eq <K2 >= <Fre q<Kl>+Freq<K2+l )>^2  
1390 PRINT " L I S T  New S_parameters  Set "
1400 PRINT " D i s p l a y  ON CRT <16> or P r i n t e r  <0> ?
1410 P r i n t e r = 1 6  
1420 INPUT P r i n t e r  
1430 PRINT P r i n t e r  
1440 PRINTER IS Printer
1450 PRINT ” FREO(Mhz)  S l i m  S l l a  S21m S21a S12m S12a 
S22a "
1460 FOR 1=1 TO Freq_nu»
1470 PRINT USING I m a g e 4 ;F r e q < I ) , S I l n < I ) ,  SI  l a d ) , S21m<I) ,  S 2 1 a < I ) , S12m<I> 
• S 2 2 m < I ) ,S 2 2 a < I )
1480 NEXT I
1490 PRINTER IS  16
1500 COTO L i s t
S22m 
S 12 a < I >
I
1510 l  i st p t :; I
1520 PRINT •
1530 PRINT M Number S parameter
1540 PRINT M 1 SI 1
1550 PRINT M 2 S21
1560 PRINT M 3 S 1 2
1570 PRINT M 4 S22
1580 PRINT M Number of S_paramet ers
1590 INPUT Num 
1600 PRINT Num





1660 SCALE - 1 , 1 , - 1 , 1
1670 X1m = S 11m <1>
1680 X1a = S 11a ( 1)
1690 CALL X c p < X l x , X l y , X l m , X l a >
1700 MOVE X l x . X l y
1710 LABEL " S U "
1720 MOVE X l x . X l y
1730 FOR J = 2 TO Freq_num 
1740 X1 m = S 1 1 m < J >
1750 XI a - S I l a < J )
1760 CALL X c p < X l x , X l y , X l m , X l a >
1770 X<J>=Xlx
1780 Y<J > =X l y
1790 ! PLOT X< J> ,Y< J>
1800 DRAW X< J> ,Y< J>
1810 IF  J=Freq_num THEN LABEL Freq<J>
1820 NEXT J
1830 FIXED 3
1840 GOTO L i s t
1850 CASE 2
1860 SCALE - 5 , 5 , - 5 , 5
1870 X1 m = S 2 1m( 1 )
1880 X1a - S 2 1a ( 1>
1890 CALL X c p < X l x , X l y , X l m , X l a )
1900 MOVE X l x . X l y
1910 LABEL " S21"
1920 MOVE X l x . X l y
1930 FOR J=2 TO Freq _n u»
1940 Xlm=S21m<J>
1950 X la=S21aCJ )
I960 CALL X c p < X l x , X l y , X l m , X l a >
1970 X C J ) » X l x
1980 Y < J ) = X l y




































































FOR J«2 TO Freq_nu»




















FOR J»2 TO Fr«q_nu«i 
X 1 fn = S22m < J >
XIa-S22a< J )





! LABEL Freq< J >






























































CALL Me p < Ds22cx,Ds22cy,De11 ax,De1t ay,S22x,-S22y) 









PRINT “ Stability factor = ";K 










Rsly--ClyxSql1 de 1 
Rs2x=C2xxSq22del 
Rs2y=-C2y'Sq22del 










IF Rs2mod-Radl>0 THEN S1*=”0UTSIDE circle“ 
IF Rs2inod-Radl <=0 THEN Sl* = “ INSIDE circle" 
FIXED 10
PRINT " RR";Rs2mod-Rad1 
FIXED 3
IF Rs1 mod-Rads >0 THEN Ss*=“OUTSIDE circle“ 







IF <Rs2«od>Radl) AND (2*Radl<l) THEN S1*«"0UTSIDE
ELSE
IF <Rs2mod<Radl> AND <Radl<l> THEN SI*-” INSIDE c 
END IF
c ire 1e"!<C)0/P 
rc le">(D)O^P
I
IF <Rs2mod-l >=RadI > AND (Rs2mod>l> THEN S1* = “UNCONDITI ON “!<E)0-/P
IF Radi>l+Rs2mod THEN S 1 * = "UNCONDITION " !<F>0'P
IF Rsl*od<1 THENIF (Rs1 mod >Rads > fiND C2*Rads<l) THEN Ss*="OUTSIDE c i r e U " •<C)l/P
ELSE IF ( Rs 1 i»od< Rads > HND (Rads<l) THEN Ss*-" INSIDE c i re 1 • " ! < D > I 'P 
END IFIF (Rslmod-1>=Rads> HND <Rslmod>l> THEN Ss*““UNCONDITI ON "!<E>IxP
IF Rads>l+Rsli»od THEN Ss*="UNCONDITION * !<F)I^P
END IFPRINT * PRINT Tittle ? <YxN> default is NO ■;
INPUT Hns*
PRINT Hns*
IF Hns*“"N" THEN Flag-1
PRINT " PRINTER IS CRT^HHRD COPY ? CRT-16 ;COPY “0 default-16 “
3660 Printer»16 
3670 INPUT Printer 
3680 PRINT Printer 
3690 PRINTER IS Printer
STHBILITY CIRCLE
INPUT PLfiNE OUTPUT PLANE1
















3700 IF Hns*-"N“ THEN GOTO :
3710 FIXED 2





i us " 
3770 PRINT "FREQ<Mhz> K
adl “
3780 PRINT USING I mage 1;Frei
3790 PRINT “ "
3800 PRINT " STABILITY regii
3810 PRINT “ "
3820 PRINT “ Rs 1 mod-rRs 1: -; Rs
= “ ;Msg;“dB"
3830 PRINT " "
3840 PRINTER IS 16
3850 Cxxx < 2 > =Rs2x
3860 Cyyy<2)=Rs2y
3870 Rmodd < 2)-Rad 1
3880 Cxxx <1> = Rs1x
3890 Cyyy<1)=Rs1y
3900 Rmodd<1)-Rads




3950 IF Hns*-"N" THEN GOTO
3960 PRINT “ ON which p 1 ane
3970 Jj=2
3980 INPUT Jj









4030 PRINT ” FILL CIRCLE ? YES =1 NO = 0 “;
4040 F1g = 0 
4050 INPUT Fig 
4060 PRINT Fig
4070 PRINT " Erase ? Y=1 N=0 default NO “;
4080 Flge=0 
4090 INPUT Flge 
4100 PRINT Flge
4110 CALL PIot(R»od,Cxx,Cyy,FIg,F1ge)
4120 F1g = 0
4130 ! GRIN ONLY FOR K>1 or K » 1
4140 Lislno: !
4150 IF K*K-1<0 THEN GOTO Continue 
4160 Kk»SQROC*K-l)
4170 IF B K 0  THEN Kkk=K*Kk 
4180 IF B1>0 THEN Kkk=K-Kk 
4190 Gmax“Mods21 d 12*Kk k 
4200 G=10*LGT<Gmax>
4210 Xx=SQR<Bl*Bl-4*Sqcl>
4220 IF B1< 0 THEN Xxx = Bl+Xx






4290 IF B2< 0 THEN Xxx=B2*Xx 





4350 CRLL Rep<Rm 1 m,Rm1 a,Rm1x,Rm1y)
4360 CALL Re p < Rmsm , R ibs  a, Rmsx , Rosy >
4370 PRINTER IS Printer
4380 PRINT “SIMULTANEOUS MATCH FOR MAXIMUM GAIN"
4390 PRINT "FREQ < MHz > Gmax Input match Imp. Output match Imp.
4400 PRINT " <dB ) ZSmag 2Sang ZLmag ZLang
4410 PRINT USING Image2;Freq;G;Rmsm;Rmsa;Rm1m;Rm1 a
4411 PRINT " "
4420 CRLL Ratorx<Msource_r,Msource_x,Rmsm,Rmsa)
4430 PRINT "INmatch-r=";Msource_r;"IHmatch-x=Msource_x;
4440 CALL Ratorx<M1oad_r,M1oad_x,Rm1m, Rm1 a)
4450 PRINT ■ OUTmatch-r-“; Mload_r;" OUTmatch-x=“;M1oad_x 
4460 PRINT " In 50 Ohms System : (Resistor in Ohms)“
4 4 70 Msourc e_r50 = ABS < Msourc e_r*50)
4480 M1oad_r50=ABS < MIoad_r *50)
4490 Tpf=2*PI*Freq 
4500 if Msourc• x<0 THEN
94
Msource_cip=flBS<1000000/<Tpf*Msourc»_x*50)>
PRINT " INmatch-R=";Msource_r50;" lHi»auh-CflP(pF)*,;Msourc»_cap; 
ELSE
Msourc e_i nd=R!S<Msource_x*50*1000'Tpf>
PRINT “ INmatch-R = ”;Msource_r50; " INmatch-IND<nH> = ";Msource_ind ; 
END IF
IF M1oad_x<0 THEN
M1oad_capsRBS< 1000000/<Tpf*Ml oad_x*50> >
PRINT * OUTmatch-R =* ;M1oad_r50;" OUTnatch-CHP<pF>»";M1oad_cap 
ELSE
MI oad_i nd=fìBS<(11 oad_x*50* 1000'Tpf )
PRINT ” OUTmatch-R=“;M1oad_r50;“ OUTmatch-IND<nH>=“;M1oad_ind 
PRINT * "
END IF
CfìLL RatorxCSourc e_r,Sourc e_x ,Rmsm,360-Rmsa)
PRINT "Source-r=";Source_r;" Source-x=Source_x;
CfìLL Ratorx<Load_r,Load_x,Rmlm, 360-Rmla)
PRINT “ Load-r="JLoad_r;" Load-x=“;Load_x
PRINT " In 50 Ohms System : (Resistor in Ohms>"
Sourc e_r50 = fìBS< Source_r*50)
Load_r50=fìBS(Load_r*50)
IF Source_x<0 THEN
Sourc e_c ap^fìBS < 1000000-'<Tpf * Sourc e_x*50 > >
PRINT "SE: Source-R=Source_r50J" Source-CfìP<pF)=";Source_cap 
Sourc e_rp50=Source_r50*<1♦(Source_x/Source_r>~2>
X_c app-Source_r»Source_rp50/Source_x 
Source_c app = fìBS(1000000''(Tpf *X_c app>)
PRINT ”PH: Source-R=Source_rp50;“ Source-CfìP<pF>=“;Source_capp 
ELSE
Sourc e_i nd = fìBS<Sourc e_x*50*1000/Tpf)
PRINT “SE: Source-R=Source_r50 ;" Source-1ND<nH> = ”;Source_ind 
Sourc e_rp50 = Sourc e_r50* <l*(Sourc e_x/Source_r> ~2 >
X_i nd'Source_r*Source_rp50'Source_x 
Sourc e_i ndp = fìBS< X_ ind*1000'Tpf>




PRINT "SE: Load-R=";Load_r50;" Load-CfìP<pF)=“;Load_cap 
Load_rp50 = Load_r50* <1♦(Load_x/Load_r)~2)
X1_c app=Load_r*Load_r50/Load_x 
Load_capp=fìBS<1 008000.'< Tpf*X 1 _c app > >
PRINT "Pfi: Load-R=";Load_rp50;“ Load-CfìP(pF)«“;Load_capp 
ELSE
Load_i nd = fìBS(Load_x*50* 1 0 0 0 'TpO
PRINT "SE: Load-R=";Load_r50;“ Load-IND<nH>*“;Load_ind 
Load_rp50 = Load_r50* <1*(Load_x/Load_r>~2>
XI_i nd=Load_r*Load_r50'Load_r
Load_indp=fiBS<XI_ind*1000'Tpf>
PRINT "Pfì: Load-R=";Load_rp50;" Load-IND<nH>=";Load_indp 
END IF
PRINT " " 




4910 Continue: Gg=100! Dummy gain for K<1
4920 Call: ! Constant gain circle for giving gain in dB 
4930 PRINT “ "
4940 PRINT “ PLOT desired constant GRIN CIRCLE?<Y/N) default=NO 
4950 Hns»*”N*
4960 INPUT fins*
4970 PRINT Ans *
4980 IF Ans*="N“ THEN GOTO List
4990 fign:PRINT " Desired GRIN <dB> ? = “;
5000 INPUT Mm 
5010 PRINT Mm 
5020 PRINT “ "
5030 PRINT M Input plane » 1 OR output plane ■ 2 ? default » 2 " 
5040 Ss-2 
5050 INPUT Ss 
5060 PRINT Ss
5070 IF Ss=l THEN Sse_flag=l 
5080 IF Ss«2 THEN Sse_flag=0 




5130 IF Sse_f1ag=1 THEN GOTO Source©
5140 ! LORD
5150 Co20*Gmr<l+D2*Gm>














5300 CALL Rcp<Co2mag, Co2ang,Co2x,Co2y)
5310 Rm1xx=Co2x 
5320 Rmlyy*Co2y
5330 CALL Rcp<Rm1 mag, Rmlang,Rm1xx,Rm1yy>
5340 PRINT " FILL CIRCLE ? YES«l;NO=0 * ;
5350 INPUT Fig 
5360 PRINT Fig
5370 PRINT ”P1ot“;Mm;"dB Constant gain circle .... “
5380 FIXED 1 
5390 fins**"N“
5400 PRINT "Erase Curve ? Y=1 N=0 default NO 
5410 FIge-0 
5420 INPUT Flge 
5430 PRINT Flge
5440 CALL Plot<Ro2,Co2x,Co2y,Fig,Flge)
5450 F1g e-0 
5460 F1g = 0
5470 PRINT " LABEL ' Gain dB Circle ' <YrN) default*NO 
5480 INPUT fins*
5490 PRINT Rns*




5530 LABEL «»¡“dB Circle"
5540 LORG l
5550 Coc t11 : PR I NT "Plot OK! Press 'CONT' NOW"
5560 PAUSE ! Rms




5610 IF Ans*»“N" THEN GOTO Conti 
5620 PRINT " resistance =
5630 INPUT Zr 
5640 PRINT Zr
5650 PRINT " susceptance = *;
5660 INPUT Zx 
5670 PRINT Zx
5680 CALL Zrtorho(Rhox,Rhoy,Zr, Zx)
5690 CALL Mcp<R2delx,R2dely,Rhox,Rhoy,Del tax,Deltay>!r2*DELTA 
5700 IF Sse_f1ag=1 THEN GOTO Sourcel

















5880 LABEL "# rms"
5890 LORG 1




5940 IF Ans*="Y" THEN GOTO Agn
5950 Next :FIXED 3
5960 if K< 1 THEN GOTO List




6010 IF Ans*="N” THEN GOTO List 
6020 LORG 2 
6030 MOVE Rmlx.Rmly 
6040 LABEL “* ZLmax"
6050 MOVE Rmsx.Rmsy 
6060 LABEL "• ZSmax"



































































• Draw center line 
MOVE 1,0 
DRRW -1,0 
FOR J = 1 TO Nxx 























FOR 1-1 TO Nn 
LINE TYRE 3
IF Eras«11 THEN LINE TYPE 1 
DRAM Xx<J,I),Yx<J,I)
NEXT I 





Subend 1: PRINT “




IF Ans*=“N" THEN EXIT GRAPHICS 
IF Ans*»"Y“ THEN DUMP GRAPHICS 




IF Ans* = ”N“ THEN GOTO Listi
IF < Ski i t h_set « 1 > AND <Ans*=“N“> THEN GOTO Listi 
GOTO Terminate 
Smithl: !




LINE TYPE 3 




FOR I»1 TO 12
I
99
7300 MOVE 0,0 
7310 LDIR I»30 
7320 LINE TYPE 3
7330 DRAW 5*C0S<1*30),5*SIN<I*30)
7340 LINE TYPE 1 
7350 LABEL 1*30 
7360 NEXT I 
7370 CSIZE 2 
7380 MOVE 0,0 
7390 FOR 1-1 TO 5 
7400 MOVE 0,-1 
7410 LABEL I 
7420 NEXT I 
7430 FIXED 3 
7440 MOVE 0,0 
7450 FOR 1*1 TO 5 
7460 MOVE I,-.3 
7470 LABEL .03*1 
7480 NEXT I 
7490 MOVE .1,-4.5 
7500 LABEL “S21"
7510 MOVE 5.3,-.6 
7520 LABEL "S12"
7530 IF Si»ithl_set = l THEN GOTO Subendl 
7540 GOTO Setkeys 
7550 Zr_zx: !
7560 LOCATE 11.894273135,111.013215922,0,99.118942791 
7570 SCALE -1, 1,-1 , 1 
7580 GRAPHICS 
7590 DIM Rorx*I 31
7600 PRINT "PLOT r or X : (R^X) ?
7610 INPUT Rorx*
7620 PRINT Rorx*
7630 IF Rorx*“"R" THEN 
7640 PRINT "r-?“;
7650 INPUT Rrr 
7660 PRINT Rrr 
7670 C t * 1 ✓ < Rrr* 1 )
7680 ELSE













7820 MOVE X, Y
7830 PRINT “ Erase CURVE ? Yes=l;NO=0 default NO":7840 F1ge *0




7870 IF Flge=l THEN PEN -1 
7880 IF Flge=0 THEN PEN 1 
7890 POLYGON Ct,360 
7900 GOTO Setkiys 
7910 I
7920 lnput_dita!!
7930 PRINT " DEVICE NAME =
7940 INPUT Tl*
7950 PRINT Tl*
7960 PRINT * Vds <V> « ”;
7970 INPUT Vds 
7980 PRINT Vds 
7990 PRINT • Ids <ma> »
8000 INPUT Ids 
8010 PRINT Ids
8020 PRINT " Number of Frequency = *;
8030 INPUT Freq_num 
8040 PRINT Freq_num
8050 PRINT * FREQ < MHz) Slim S U a  S21m S21 a S12m S12a S22m
S22a"
8060 FOR I»1 TO Freq_num 
8070 Repeat:Ans*-"Y”
8080 INPUT Freq<I>,Sllm<I>,Slla<I>,S21m(I>,S21a<I>,S12m<I>,S12a<I>,S22m<I>,S22a
C I >8090 PRINT USING Image4;Freq<I> , S1 1 m <I),S11aCI>,S21mCI>,S21a<I>,S12m<I>,S12a<I) 
,S22m<I>,S22a<I>
8100 PRINT * OK ? <Y^N>
8110 INPUT Rns*
8120 PRINT Rns*
8130 IF flns*="Y" THEN 
8140 GOTO Ok 
8150 ELSE




8200 PRINT ”Dat a_f iIe* ?“;
8210 INPUT Dat a_f i1e*
8220 PRINT Dat a_flie*
8230 MASS STORAGE IS “:T14"
8240 CREATE Data_file*,3 
8250 ASSIGN *1 TO Data_file*
8260 PRINT «1;Freqnum,FreqiO , SI 1 m <#> , S11 a<*> , S12m<*>,S 12a<»>,S21»<*>,S21a<*>, 
S22a<*>,S22m(e >,T1 *,Ids,Vds 
8270 ASSIGN *1 TO •
8280 MASS STORAGE IS ":T15"
8290 GOTO Setkeys 
8300 Scale: ALPHA 
8310 ! FIXED 1
8320 Cont:GRRPHICS INPUT IS "ARROW KEYS"
8330 POINTER 0,0,2 
8340 GRAPHICS 
8350 FIXED 9 
8360 DIGITIZE XI,Y1 
8370 PRINT X,Y




8420 IF Ssnum*l THEM Two*2
8430 IF Ssnum>2 THEN Two»10













8540 PRINT ”Xloc=”;Xloc;“ Yloc»“JYloc 
8550 CRLL Rcp<Rho«ag,Rhoang,Xloc,Yloc>
8560 PRINT “Rhomag«“ ; Rhoioag; “ Rhoang»“ ; Rhoang 
8570 IF <Ssnui* = 2> OR <Ssnum*3> THEN GOTO Cont 11 
8580 CRLL Rhotozr<Zr,Zx,XI oc,Y1oc)
8590 PRINT “Zr=”;Zr;“ Zx=";Zx 
8600 ! CRLL Rhotogg<Gg,Gb,XI oc,Y1oc>
8610 ! PRINT -Gg=-;Gg;“ Gb»";Gb 
8620 PRINT “ *
8630 Cont11 :PRI NT " More Scaling ? “ ;
8640 finsi5"Y"
8650 INPUT finsi 
8660 PRINT finsi
8670 IF Rns#-"Y" THEN GOTO Cont 
8680 GOTO Setkeys 
8690 Tersi nate: OFF KEY »0 
8700 OFF KEY «1
8710 OFF KEY «2
8720 OFF KEY *3
8730 OFF KEY *5
8740 OFF KEY #24
8750 OFF KEY #25
8760 LRBEL KEY #24," "
8770 LRBEL KEY #25," “


















8960 IF X< 0 THEN fl = R-H80
8970 IF <X>0> AND <Y<0> THEN A«A*360
8980 SUBEND
8990 !





9050 SUB P1ot<Radius,Centerx,Centery,FIg,FIge )
102




9100 SCALE -1,1,-1, 1
9110 IF Flge=0 THEN PEN 1
9120 IF Flge»l THEN PEN -1
9130 MOVE C«nterx,Cent t r y
9140 IF F1g=0 THEN GOTO 9180





9200 St ”360/" 1 03
9210 FOR J=1 TO 104
9220 A=-St♦J*St




9270 MOVE Xxr<1>,Yyr< 1 )
9280 FOR J=1 TO 104












94 10 W3x-<U2x+W1x >x2
9420 ! U3y=(W2y+Wly>-'2
9430 Hh= < W2y♦W1y > x29440 R=<Ux3-Wlx>x29450 Dely=W2y-Wly9460 ! W3y=Hh+R*<R-l>*Dely*Delyx29470 Ex«R*<R + 2>*<R*l >*Dely~39480 Ex*Exx<3»2>9490 W3y=Hh+R*<R+1>»Dely*Delyx2+Ex9500 CALL Rcp<W3m,W3a,W3x,W3y>9510 SUBEND9520 SUB Rho t ozr < Zr , Zx, Rhox, Rhoy )9530 DEG9540 Rhop=1*Rhox
1 0 3
9550 Rhom=l-Rhox













9690 Rhoi»* 1 -Rhox 
9700 Rhop=l+Rhox







CHAPTER 4 DESIGN °HINGI FEES FOR POWER AMPLIFIERS
4 .1  B ia s in g  FETs f o r  Optimum P erform an ce.
The GaAs FETs a re  t y p i c a l l y  u n c o n d it io n a lly  s t a b le  w ith in  
th e  fre q u e n cy  range a t  which th e y  a re  d es ig n e d  to  w ork, bu t o u ts id e  
th e  fre q u e n cy  band o f  i n t e r e s t ,  th e y  a re  c o n d i t io n a l ly  s t a b l e ,  i . e . ,  
t h e i r  s t a b i l i t y  i s  d eterm ined by th e  so u rce  and/or load  im pedances 
p re se n te d  t o  i t .  The u n s ta b le  r e g io n s  can  be p lo t te d  on th e  Sm ith  
c h a r t ,  w hich has been d e s c r ib e d  in  C h ap ter 3» u s in g  th e  S -p a ra m e te rs  
o f  th e  d e v ic e . , T y p ic a l p lo t  o f  such r e g io n s  a re  shown in  F ig u re
4 . 1 . 1  f o r  in p u t p lan e and F ig u re  4«1«2  f o r  output p lan e  o f  th e  
NE72O09. The i n s t a b i l i t y  a t  h ig h  f r e q u e n c ie s  do n ot pose much o f 
a  problem  b ecau se o f th e  low g a in  o f  th e  d e v ic e  and r e l a t i v e l y  sm all 
u n s ta b le  r e g io n s . C a re fu l e x a m in a tio n  o f  tn e  F ig u re  4 . 1 . 2  shows th a t  
th e  u n s ta b le  re g io n s  become l a r g e r  and e x te n d  tow ards th e  c e n t e r  o f  th e  
Sm ith c h a r t  w ith  d e c re a s in g  fre q u e n c y . T h ese  u n s ta b le  re g io n s  can  be 
s i g n i f i c a n t l y  d i f f e r e n t  in  t h e i r  m agnitude and phase on th e  Sm ith  
c h a r t  f o r  d i f f e r e n t  d e v ic e s , th e r e f o r e  i t  i s  d e s i r a b le  to  d ev elo p  
a c i r c u i t  wnich w i l l  provide th e  low fre q u e n cy  s t a o i l i z a t i o n  t o  any 
GaAs FET in  g e n e r a l .
In  p r i n c i p le ,  one h a s  t o  avoid  any so u rce  and load  im pedances 
th a t  m ight l i e  w ith in  th e  co rre sp o n d in g  u n s ta b le  r e g io n . In  p r a c t i c e ,  
so u rce  and load  im pedances a r e  th e  r e s u l t a n t  im pedances o f th e  
b ia s  netw ork and th e  m atch ing  netw ork .
In  moat c a s e s , th e  m atch in g  netw o rks sure o f  th e  low pass 
p ro to ty p e ( 1 ) ,  u n le s s  i t  has low freq u en cy  p o le s . The input impedance p lo t 
on th e  Sm itn  c n a r t  w ith  te r m in a tio n  o f  50 ohm load  w i l l  s p i r a l  in to  th e  
c e n te r  o f  th e  c h a r t  w ith  d e c r e a s in g  fre q u e n c y , p ro v id in g  an adequate 
match to  keep tn e  d ev ice  s t a b l e ,  t h e r e fo r e  i f  th e  b ia s  netw ork i s  
developed to  en su re  th a t  i t  p r e s e n ts  a good 50 ohm match smd low 















CLaag CLang Radi 
1.87 218.76 .92
STABILITY region: OUTSIDE circle OUTSIDE circle
Rs1aod'Rs11 2.139 ✓ 1.199 ;Rs2aod^Rs2: 1.869 ✓ .922 MSG - 18.594 dB
f ig u r e  4 . 1 . c  The U n stable Impedance R eg io n  on th e  Output P lane o f  th e  NE7^089 
(Prom 100 HHz to  ¿ 0 0 0  MHz)
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a f f e c t  th e  resp o n se  o f  th e  m atch ing  c i r c u i t s ,  a l s o ,  i t  p re s e n ts  a good 
50 ohm match and h ign  in s e r t io n  lo s s  a t  low fr e q u e n c ie s  to  th e  d e v ic e .
I f  th e  low freq u en cy  b eh av io u r o f  th a  m atch in g  netw ork i s  not ad eq u ate  to  
keep th e  d ev ice  s t a b le  th en  one may i n s e r t  th e  b ia s  netw ork betw een th e  
m atch ing c i r c u i t  and d e v ice  i t s e l f .
The b ia s  netw orks have two fu n c t io n s :  l )  t o  i s o l a t e  th e  D.C.
b ia s  supply t o  th e  GaAs FETs from  th e  RF in p u t and o u tp u t p o r ts  o f  th e  
a m p li f ie r  c i r c u i t s »  2 )  t o  i s o l a t e  th e  b ia s in g  system  from th e  RF s ig n a ls
p re sen t in  th e  c i r c u i t .
D .C . i s o l a t i o n  i s  ach iev ed  by i n s e r t in g  an a p p r o p r ia te  c a p a c i to r  
in t o  RF c i r c u i t s ,  th e  c a p a c i t o r  v a lu e  i s  chosen  so  t h a t  i t  w i l l  s e l f - r e s o n a t e  a t  
th e  c e n te r  o f  fre q u e n cy  band o f i n t e r e s t .  RF i s o l a t i o n  i s  ensured  by fe e d in g  
th e  D .C . b ia s  in t o  th e  c i r c u i t  v ia  lo w -p a ss  f i l t e r  w hich p re s e n ts  a v ery  h igh  
impedance to  th e  c i r c u i t  a t  th e  s ig n a l  f r e q u e n c ie s  and a ls o  p re v e n ts  any 
u n p re d ic ta b le  in t e r a c t io n  betw een th e  RF c i r c u i t  and th e  B ia s  supply and 
i t s  co n n e ctin g  le a d s .
In  th e  microwave a m p l i f ie r ,  s in c e  th e  low fre q u e n cy  inp u t and 
output impedances depend s tr o n g ly  on th e  b ia s in g  new ork, a developm ent 
o f  b ia s in g  netw ork hav ing  a h igh  i n s e r t io n  lo s s  a t  low fr e q u e n c ie s  range 
i s  o f v i t a l  im p o rta n ce .
F igu re  4 . 1 . 1  shows a b ia s  n etw o rk , which w il l  be used f o r  th e  d esign  
o f  10 Watt s o l id  3 t a t e  power a m p l i f ie r  in  C hapter 5 .
The c i r c u i t  u s e s  a m i c r o s t r ip - l i n e  q u arter-w av e  tra n sfo rm e r  w ith  
100 ohm c h a r a c t e r i s t i c  impedance t o  s im u la te  an RF ch o k e , a n o th er  tra n sfo rm e r  
w ith  20 ohms ( l o w ) c h a r a c t e r i s t i c  impedance in  s e r ie s  w ith  RF choke a c t in g  
a s  a shunt c a p a c i to r  a t  8GHz, w hich p ro v id e s  an HF s n o r t  c i r c u i t .
The RC c i r c u i t  ( 50 ohm c h ip  r e s i s t o r  in  s e r i e s  w ith  02  pF c h ip  c a p a c i to r )  in  
p a r a l le l  w ith  1000 pF D .C . fe e d -th ro u g h  c i r c u i t  i s  re q u ire d  to  in c r e a s e  the 
in s e r t io n  l o s s  a t  low fr e q u e n c ie s .
Taking the NE72089, f o r  exam ple, tn e  u n s ta b le  impedance re g io n s  o f  th e  input
and the output p o r ts  o f  th e  d e v ic e  a re  shown in  F ig u re  4 .1 .1  and F ig u r e 4 .1 .2 .
I t  i s  noted th a t  th e  d e v ic e  i s  p o t e n t ia l ly  u n sta b le  i n  th e  fre q u e n cy  range
from 100 MHz to  2000 MHz. By ap p ly in g  th e  h la s  netw ork as shown in  F ig u re  4 . 1 . 1 ,
TMa tw o -stag e -.'E 72089  a m p l i f ie r  i s  c o n s tr u c te d . With th e  a id  o f  COMPACT so ftw a re , 
th e  a n a ly s is  r e s u l t s  a re  shown in  T ab le  4 . 1 . 1 . I t  i s  i n t e r e s t i n g  to  n o te  th a t  
th e  in s e r t io n  lo s s  i s  very  n igh  from  100 .'1Hz to  ¿0 0 0  MHz and X f a c t o r  i s  equal 
| to  9 9 9 .9 9 , i . e . ,  th e  a m p l i f ie r  i s  s t a b le  a t  low f r e q u e n c ie s , hence th e  b ia s  
network i s  doing a good jo b .
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^ A ^ h ip  c a p a c i to r
e q u iv a le n t c i r c u i t
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c a p a c i to r
F ig u re  4 . 1 . 1  B ia s  netw ork f o r  8 GHz a m p l i f ie r .
POLAR S-PARANETER3 IN 58.1 OH« SYSTEM
FRE6• Sll Si21 SI 2 S22 S;2i K
(URGfKANGL) ( MAGN<HNGL> ( «A6N<ANGl> < MAGN< hHGL >./ w FACT.
100.10 . 36<
V
127 .00<-117.4-•50.SOU--117.4 .35< 12? -50.46 333.35
200.00 . 16< 105 . 02< 156.2 *<*»*» IiB -25.8 . 15< 103 -32.33 533.53
500;00 . 06< -103 . 05< 22.? t -145.3 .0?< -126 -26.10 335.33
1000.Ò0 '. 24< -131 . 03<'-42. 153.6 .23< -137 -23.45 333.33
2000.00 . 40< 180 . 03< -53.i<I4444JÌ1 176.3 .4i< 176 - 2 i . 44 333.53
4 000.00 . 68< -52 •2.14< 161.6--55.IBB 47.6 .62< -2 6.62 43.22
6800.00 . 75< 147 4.4K 173.1 . 003< 34.1 .72< -137 12.88 2.68
7000.00 . 55< 110 6.33< 35.0 . 01 ?< -33.0 . 36< 150 16.03 2.83
SODO.00 / . 23< 23 7.1S< -53.3 .023<--14b.3 . 33( 152 1?.12 2.51
5 000.00 . 24< 17? 5.50< 53.4 . 023< 70.4 .28< -53 14.81 3.42
10000.00 . 30< 174 3.15< -60.2 . 017< -72.2 ,67< -100 10.07 2.3?
12000.00 . 40< 16 ; ?4< 55.8 . 006< 103.3 . 85< -153 -2.56 27.32
T ab le  4 .1 .1  A n a ly s is  r e s u l t s  o f  NE7208$ a m p l i f ie r  u sin g  
th e  above b ia s  netw ork .
4 .z USING irtlfn CH«HT f'uil APPhdXIiiATL DSSIGN AiJD OrTIMIZATIcN WITH CGMPUTHH
4.2 .1  General
The impedance m atch in g  netw orks a re  u s u a lly  c o n s tr u c te d  o f  L 
s e c t io n s .  See F ig u re  4 . 2 . 1 .
L O W  Z
o-
L
_ m n r \
c H I G H  Z
-o
F ig u re  4 . 2 . 1  1» M atching Network
In  a d d it io n  to  m atch in g  th e s e  L s e c t io n s  provide a  low- 
pass f i l t e r  f o r  in p u t and ou tp u t to  keep h arm onics down. I f  th e  
o f each  m atch ing s te p  i s  k e p t low, th e  bandw ith o f  th e  r e s u l t in g  w i l l  
be w id er. The Q r e fe r r e d  t o  h ere  i s  th e  load ed  (4 o f  th e  m atch ing  
netw ork r a th e r  th an  tn e  unloaded W o f  any in d iv id u a l com ponent.
In  a d d itio n  t o  wide bandw idth, low Q. m atch ing netw orks re q u ire  
l e s s  c r i t i c a l  component v a lu e s .  The v a lu e s  f o r  th e  L, C and Q 
may be q u ic k ly  d eterm ined  u s in g  th e  Sm ith c h a r t  once tn e  impedance
to  be matched has been d eterm in ed .
In  d e s ig n in g  a m atch in g  netw ork , i t  i s  co n v e n ie n t to  work 
from  th e  t r a n s i s t o r  to  th e  50 ohm te r m in a t io n . I f  th e  f i r s t  m atch ing  
component i s  a  shunt e lem en t th e  p a r a l l e l  e q u iv a le n t impedance 
shou ld  be u se d . Use th e  s e r i e s  e q u iv a le n t when tne f i r s t  m atching 
component i s  a  s e r i e s  e le m e n t.
When w orking on th e  Sm ith c h a r t ,  alw ays b egin  w ith  the 
lo ad  th a t  netw ork s e e s  on th a t  end . The f i n a l  value one o b ta in s  a t  
tn e  o th e r  end o f th e  netw ork i s  th e  impedance one s e e s  lo o k in g  in to  
th e  netw ork.
110
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4 . 2 . 2  Output M atching Network
The d esig n  method f o r  l i n e a r  a m p l i f ie r  ,  a s  a  p r e -a m p li f ie r  
o r  a  d r iv e r  o f  th e  power a m p l i f ie r ,  i s  p robably  b e s t  i l l u s t r a t e d  
by an exam ple a s  fo l lo w s .
C o n sid e r  th e  d esig n  o f  a  l i n e a r  a m p l i f ie r  a t  8  GHz ( band­
w id th : 7 .7 2 5  GHz -  8 .2 7 5  GHz ) ,  u s in g  th e  FLC08112F, i t s  S -  
p a ra m ete rs  a re  snown in  T ab le  4 . 2 . 2 . 1 .
FLC 081UF < Vds = 10.00 V Ids» 200 .00 ma>
FREQ(Mhz) Slim SI la S21 m S21 a
2000.00 . 855 -124.00 3.674 89.00
3000.00 . 846 -149.00 2.602 68.00
4000.00 . 836 -167.00 2.196 50.00
5000.00 . 825 169.00 1.880 29.00
6000.00 . 822 147.00 1.644 10.00
7000.00 . 828 131.00 1.433 -11.00
8000.00 .819 119.00 1.256 -29.00
9000.00 . 805 107.00 1.091 -50.00
10000.00 . 792 97.00 . 980 -65.00
11000.00 . 783 81.00 .902 -83.00
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T ab le  4 . 2 . 2 . 1  S -p a ra m e te rs  o f th e  FLC081VF
U sing th e  com puter program developed in  C h ap ter 3 ,  
th e  u n s ta b le  re g io n  a t  th e  ou tp u t p o rt i s  shown in  F ig u re  
4 . 2 . 2 . 1 ,  th e  u n s ta b le  problem a t  f r e q u e n c ie s  below 2CHz 
can  be s o le ly  so lv ed  by th e  b ia s  netw ork i t s e l f ,  a s  d e s cr ib e d  
in  S e c t io n  4 .1  .
F ig u re  4 . 2 . 2 . 2  shows tn e  com puter r e s u l t s  f o r  
th e  FLC081WF a t  8 GHz.
I l l
FLC 081WF
FREQ < Mhz> 
8000.00
(Vds* 10.00 V Ids = 200.00 ma)STABILITY CIRCLE
INPUT PLANE OUTPUT PLANE
Origin Radius Origin Radius
Rads CLmag CLang Radi
.12 1.89 170.24 .65CSmag CSang 1.18 241.81
STABILITY region: UNCONDITION UNCONDITION
Rs lmod/Rs 1: 1.182 ✓ .116 ; Rs2mod/'Rs2: 1.885 ✓ .646 ; MSG - 13.666 dB
SIMULTANEOUS MATCH FOR MAXIMUM GAIN
FREQ(MHz) Gmax Input match Imp. Output match Imp 
(dB) ZSmag ZSang ~
8000.00 8.94 .88 241.81
ZLmag ZLang 
.65 170.24




The output model o f th e  t r a n s i s t o r  i s  o b ta in ed  from th e  0 . 6 5 / -1 7 0 ° .
which i s  th e  co n ju g a te  o f  th e  ZL i n  F ig u re  4 . 2 . 2 . 2 .max
A c i r c u l a r  a r c  whose c e n t e r  i s  th e  c e n t e r  o f  th e  Sm ith c h a r t  i s
drawn through R _ and t h »  r e a l  a x is  a t  p o in t r T (SEE F ig u re  4 . 2 . 2 . 3 ) ,1*1) b
which i s  0 .2 2 ,  co rresp o n d in g  to  th e  pure r e s is t a n c e  0 .2 2  X 5 0  ohm 
= 11 ohm,' th e  d is ta n c e  betw een and r^ i s  0.014^|_ a t  8GHz,or
tn e  phase an g le  i s  e q u a l to
0 .0 1 4  X 3 6 0 ° =  5 °
In  o rd e r  to  m atch 11 ohms to  50 ohms, an in te rm e d ia te  impedance 
Zm i s  in tro d u c e d , Zm i s  g iv e n  by
( 11 X 50 )1'2 =  2 3 .4 5  ohms
The impedance m atch in g  netw orks a re  c o n s tru c te d  o f  L m atch in g  
s e c t io n s  as snown in  F ig u r e 4 .2 .2 .4 •
n n 2 3 . 4 5 H 50 n
50n
- c z
0 .0 1 4  A. 
( 5 °  )
u L2
Cl C 2 - r -
F ig u re  4 . 2 . 2 . 4  T heO itp u t m atch in g  network o f  FLC081VF
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S in c e  b o th  th e  in te rm e d ia te  impedance p o in t and th e  number o f  L 
s e c t io n s  a r e  n o t c r i t i c a l  u n le s s  maximum band w id th  i s  r e q u ir e d ,
Zm i s  ch o se n  to  be 24 ohms ( rounded number ) .
In  o r d e r  to  o b ta in  th e  v a lu e s  o f  f i r s t  L s e c t io n  ( L I and C l ) ,  
th e  Sm ith  c h a r t  as  shown in  F ig u re  4 . 2 . 2 , 4  i s  u se d , w hich i s  n orm alized  
to  24 ohms. A c a l c u l a t io n  , .b e g in s  a t  11 ohms ( n o rm alized  impedance =
0 .4 5  + j  0 . 0  )on th e  c h a r t  and p ro g re s s e s  c lo c k w is e  on a c i r c u l a r  
p a th , w ith  th e  c h a r t  c e n t e r  a s  tn e  o r ig i n ,  u n t i l  one r e a c h e s  an ad m ittan ce  
c i r c l e  w hich  a ls o  p a s s e s  througn  th e  d e s ir e d  o u tp u t impedance(Zm =  2 4Si), th e
v a lu e s  o f  L I ,  Cl and Q can  be d i r e c t l y  read  from  th e  c h a r t ,  s in c e  
th e  f i n a l  c i r c u i t  t o  be r e a l iz e d  i s  m ic r o s t r ip  l i n e ,  in s te a d  o f  a 
lumped e le m e n t,L I  can  be r e a l iz e d  in  d is t r ib u t e d  m ic r o s t r ip  l in e  
w ith  ¿4  ohms o f c h a r a c t e r i s t i c  impedance and th e  le n g th  b e in g  e q u al to  
0 .094A * A i s  th e  w avelength  a t  8 GHz. Shunt c a p a c i t o r  C l can  a ls o
be c o n s id e re d  a s  50 ohms c h a r a c t e r i s t i c  im pedance open c i r c u i t  s tu b .
The le n g t h  o f  th e  p a r a l l e l  open s tu b  i s  d eterm in ed  a s  fo l lo w s :
0  = a rc  Cot (Zc l  / ZQ ) ( 4 . 2 . 2 . 1 )
1 = 0  / 360° (4.2.2.2)open
where 0 i s  th e  phase a n g le  in  d egree
Z_, i s  tn e  impedance o f  th e  shu n t c a p a c i to r  
Cl
Z i s  th e  c h a r a c t e r i s t i c  im pedance o f th e  open s tu b , 
o
1 : tn e  n orm alized  w av elen g th ,
open
S i m i l a r l y ,  th e  iin ith  c h a r t  a s  shown in  F ig u re  4 .2 .2 .5 »  which i s  
n o rm alized  to  50 ohms, i s  used t o  o b ta in  th e  v a lu e s  o f second m atching 
L s e c t i o n .  A com pleted  output raatcn in g  netw ork i s  shown in  F ig u re  4 . 2 . 2 . 6 .
I
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4 . 2 . 3  In p u t M atching Network


W ith a shunt elem ent adued on th e  in p u t p o rt o f  th e  PIC081WF
a s  shown in  F ig u re  4*2 .3> 3>  a new s e t  o f  3 -p a ra m e ters  i s  shorn  in
TMT a b le  4 . 2 . 3 . 2 ;  th e  a n a ly s is  i s  done by COMPACT , th e  COMPACT d a ta  
f i l e  f o r  c r e a t in g  a S -p a ra m e ters  i s  in  T ab le  4 . 2 . 3 . 1 .
Gate
’ D rain
F ig u re  4 . 2 . 3 . 3 M odified  th e  input p o rt o f  th e  FLC081WF 
f o r  low ing th e  loaded
COMPACT VERSION 5.1 COMMAND FILE
COMMAND FILE==> FLC081
OST AA PA 50 59 8000
TWO BB SI 50
CAX AA BB
PRI AA S4 50
END
7000 9000 500 
END
1.43 -11. .054 -25 .43 -148
1.34 -19.9 .054 -30.4 .43 -157 








113 1.17 -39.8 .054 -41.1 .45 -17i
107 1.09 -50 .055 -46 .46 176
T able  4 . 2 . 3 . 1  COMPACT d a ta  f i l e  f o r  c r e a t in g  a new s e t  
o f 3 -p aram eters  f c r  m odified  FLC081WF
125 i
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POLAR S-PARAMETERS IN 50.0 OHM SYSTEM
FREQ. SII S21 S12 S22
<MAGN«CANGL) < MAGN<ANGL) < MAGN<ANGL) <HAGN<ANGL)
7000.OO .55«: 88 2.14< -36.4 .08K -50.4 . SO< -148 6.59 1.34
7500.OO . 4B< 50 2.11< -56.5 .085«: -67.0 . 51 < -160 6.50 1.45
8000.00 . 46< -4 1.96< -80.2 .084< -87.2 . 51< -172 5. 84 1.63
8500.00 . 58«: 56 1.63«: —107.0 . 075< — 108.3 . 49< 176 4.24 1.86
9000.OO .75«: -■91 1.24«: —132. 5 .063<—128.5 .47«: 167 1.86 1.94
POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH
F SOURCE REFL. COEFF. LOAD REFL. COEFF. GMAX







. 66< -48 
. 62< 2 
. é>8< 53
.B 1< 90 .63«: — 172
T ab le  4 . 2 . 3 .2  S -p a ra m e ters  f o r  m o d ified  FIC081WF
S in c e  th e  g a in  o f  th e  t r a n s i s t o r  i s  r o l l i n g  o f f  w ith  in c r e a s in g  
fre q u e n cy , i t  i s  d e s i r a b le  to  model th e  in p u t o f  th e  t r a n s i s t o r  
based on th e  in fo rm a tio n  from h ig h e r  edge o f  th e  fre q u e n cy  band. 
T h e re fo re , th e  in p u t model o f th e  t r a n s i s t o r  i s  o b ta in e d  from
£ d - 0,68 h 53 , which i s  th e  c o n ju g a te  o f  th e  so u rce  r e f l e c t i o n  
c o e f f e c i e n t  a t  8.5GHz under sim u ltan eo u s matched c o n d it io n .
A c i r c u l a r  a rc  whose c e n te r  i s  th e  c e n te r  o f  th e  Sm ith 
c h a r t  i s  drawn tn rou gn  and th e  r e a l  a x is  a t  0.19  o f  norm alized  
r e s is t a n c e  ; tn e  co rresp o n d in g  impedance i s  eq u al to  ohm 3, th e
e l e c t r i c a l  le n g th  i s  0 .1 7 6  A. , see  F ig u re  4 - 2 . 3 . 2 .
The method f o r  m atching tn e  im pedance betw een ohms and 
50 ohms has been d e s c r ib e d  in  S e c t io n  4 . 2 ,  w ith  th e  a id  o f  the 
Sm itn c h a r t s  a s  snown in  F ig u re s  4 . 2 .3 * 4  and 4 . 2 . 3 . 5  and th e  
in p u t m atcn ing  netw ork i s  o b ta in ed  in  F ig u re  4 . 2 . 3 . 6 .
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im p e d a n c e : o r  a d m i t t a n c e  c o o r d i n a t e s
F ig u re  4 . ¿ . 3 . 5  Second L S e c t io n  f o r  inp u t /-latching Network o f  FLC081VF
li/6
Figu re  4 . 2 . J . 6 Input M atching Network o f  FLC081VF
T ab le  4.2.}.} i s  th e  COMPACT d a ta  f i l e  f o r  a n a ly s is  o f  th e  FLC081WF 
a m p l i f i e r ,  th e  i n i t i a l  c i r c u i t  a n a l y s i s  r e s u l t s  a r e  i n  T ab le  
4 . 2 . 3 . 3 «  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a t  8.5CHz , th e  g a in  i s  
7 .7 6  dB, w h ile  th e  t h e o r e t i c a l  maximum g a in  w ith  s im u lta n e o u s  
match o f  b o th  th e  in p u t and output p o r ts  i s  8 ,0 1  dB; th e  d i f f e r e n c e  
i s  o n ly  0 .2 5  dB.
OST AA PA 50 -40. 36 8500
TRL BB SE 50 —33. 5 8500
OST CC PA 50 -62. 6 8500
TRL DD SE 22 — 33 5 8500
TRL EE SE 50 -63. 5 8500
OST FF PA 50 -59 8000
TWO GG SI 50
TRL HH SE 50 -5 8000
TRL I I SE 24 -34 8000
OST JJ PA 50 -59 8000
TRL KK SE 50 -35 8000
OST LL PA 50 -37 8000
CAX AA LL






T a b le  4 . 2 . 3 , 3  The COMPACT f i l e  f o r  a n a ly s is  th e  FLC081WF 
a m p l i f ie r  w ith  in p u t and output m atch ing  netw orks d esig n  
from  t h i s  C h a p te r.
INITIAL CIRCUIT ANALYSIS
POLAR S-PARAMETERS IN 50.0 OHM SYSTEM
FREQ. SI 1 S21 S 1 2 S22 S21l 1(MAGN<ANGL) < MAGN<ANGL> ( MAGNCANGL) <MAGN<ANGL) DB FAI
7000.00 . 9 3 < 166 1 . 15< 92.2 .043< 78.2 . 47< 129 1.21 1.34
7500.OO . 90< 147 1.35 < 62.9 .054< 52. 4 . 39< 117 2. 60 1.45
8000.OO . 75< 1 16 1.88' 22.0 .081< 15.0 . 24< 98 5. 48 1.63
8500.OO . 07 < -120 2. 44< -59.5 .113< -60. 8 . 24 < - 169 7.76 1.86
9000.00 . 83< 161 1. i 9<- 143.6 .060< -139.6 . 51< 141 1.51 1.94
Table 4.2.3.4. The analysis results from the COMPACT
1
1 2 8
T a b le  4»*i«3*3 i s  th e  COMPACT d a ta  f i l e  f o r  a n a ly s is  o f  th e  FLC081WP 
a m p l i f ie r ,  th e  i n i t i a l  c i r c u i t  a n a ly s is  r e s u l t s  a re  i n  Table 
4 . 2 . 3 . 3 «  I t  i s  i n t e r e s t i n g  to  n ote  th a t  a t  8.5CHz , th e  g a in  i s  
7 .7 6  dB, w h ile  th e  t h e o r e t i c a l  maximum g a in  w ith  sim u ltan eou s 
match o f  b o th  th e  in p u t and output p o r ts  i s  8 .0 1  dB; th e  d if fe r e n c e  
i s  on ly  0 .2 5  dB.
OST AA PA 5 0 - 4 0 . 3 6  8 5 0 0
TRL BEI SE 5 0 - 3 3 . 5  8 5 0 0
OST CC PA 5 0 - 6 2 . 6  8 5 0 0
TRL DD SE 2 2 - 3 3 . 5  8 5 0 0
TRL EE SE 5 0 —6 3 . 5  8 5 0 0
OST FF PA 5 0 - 5 9  8 0 0 0
TWO GG S I 5 0
TRL HH SE 5 0 - 5  8 0 0 0
TRL I I SE 2 4 - 3 4  8 0 0 0
OST J J PA 5 0 - 5 9  8 0 0 0
TRL KK SE 5 0 - 3 5  8 0 0 0
OST LL PA 5 0 - 3 7  8 0 0 0
CAX AA LL
PR I AA S 4 5 0
END
7 0 0 0  7500
8 0 0 0
8 5 0 0  9 0 0 0
END
3 . 3 The COMPACT f i l e  f o r  ana'.
a m p l i f ie r  w ith  in p u t and output m atch ing netw orks d esign  
from t h i s  C h a p te r.
IN IT IA L  C IR C U IT  AN A LYSIS
POLAR S-PARAM ETERS IN 5 0 . 0  OHM SYSTEM







< MAGN' ANGL )
S 2 1
DB FACT.
7000.00 . 93< 166 1 . 15< 92. 2 . 043< 78. 2 . 47< 129 1.21 1.34
7500.OO . 90< 147 1.35< 62.9 . 054< 52. 4 . 39< 1 17 2. 60 1.45
8000.OO . 75< 1 16 1.88- 22.0 . 081 < 15.0 . 24< 98 5. 48 1.63
8500.OO . 07< -120 2. 44< -59.5 . 1 13< -60. 8 . 24< -169 7.76 1.86
9000.00 . 83< 161 1. 19< -143.6 . 060< -139.6 . 51< 141 1.51 1.94
T ab le  4 . 2 . 3 . 4 .  The a n a ly s is  r e s u l t s  from th e  COMPACT
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COMPACT VERSION 5.1 COMMAND FILE
OST AA PA 50 -51.6894 8500
TRL BB SE 50 -62.6852 8500
OST CC PA 50 -27.9839 8500
TRL DD SE 22 -27.7797 8500
TRL EE SE 50 -126.401 8500
OST FF PA 50 -51.1471 8000
TWO GG SI 50
TRL HH SE 50 -5.63591 8000
TRL I I SE 24 -45.3814 8000
OST JJ PA 50 -53.2771 8000
TRL KK SE 50 -46.1935 8000
OST LL PA 50 -46.6156 8000
CAX AA LL







.83 131 1.43 -11. .054 -25 .43 -148
.83 125 1.34 -19.9 .054 -30.4 .43 -157
.82 119 1.26 -29 .054 -36 .44 -165
.81 113 1.17 -39.8 .054 -41.1 .45 -175
.81 107 1.09 —50 .055 — 46 .46 176
END
0.01
10 10 1 7
10 10 1 6
10 10 1 7
10 IO 1 8
END
T ab le  4 . 2 .3 - 5 COMPACT d ata  f i l e  a f t e r  o p tim iz a t io n  f o r  
The FLC081VF a m p l i f i e r .
POLAR S-PARAMETERS IN 50.0 OHM SYSTEM
FREQ. S 11 S21 S12 S22 S2
(MAGN< ANGL) < MAGNCANGL) < MAGN< ANGL) < MAGN< ANGL > DB
7000.00 . 71< 53 2. 24< 3. 9 . 085< -IO. 1 . 25< 40 7.01
7500.OO . 63< -21 2. 29<r -50.2 . 092< -60.7 . 15< 7. 21
8000.OO . 59< -88 2. 15< — 102. 5 . 092< -109.5 . 15- -79 6.64
8500.OO . 47< - 152 2. 1 4 < — 159. 3 . 099< -160.6 . 1 5< -128 6.62
9000.OO . 40< 56 2. 12< 122.8 . 107< 126.8 . I K 106 6. 53
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T a b le  4 . 2 . 3 . 5  shows th e  f i n a l  r e s u l t s  o f  th e  FI0081VF a m p li f ie r  a t  
8 GHz w ith  25#  bandw idth ( i . e .  ¿000  MHz), th e  gain  i s  6 .8 7  dB ± 0 .5 4  dB
f o r  1 2 .5 #  bandwidth ( i . e .  1000  MHz ) th e  g a in  i s  6 .9 1 5  dB ±  0 .2 9 5  dB.
4 .3  T h ird -o rd e r  In term odu la tion  Theory (k )
One o f th e  moat common n o n l in e a r i ty  c h a r a c t e r i z a t i o n  o f  a tw o-
p ort netw ork i s  i t e  am plitude d i s t o r t i o n ,  which r e s u l t s  in  i t s  n o n lin e a r  
t r a n s f e r  c h a r a c t e r i s t i c .  I f  th e  tw o -p o rt netw ork i s  m em orylesa, t h a t  i s ,  
i t s  ou tp u t v o lta g e  i s  an in s ta n ta n e o u s  fu n c t io n  o f  i t s  in p u t v o lta g e ,  
and i t s  n o n l in e a r i ty  weak which i s  th e  c a s e  o f  most com m unication system  
th en  th e  ou tpu t v o lta g e  e Q( t )  can  be re p re s e n te d  by a power s e r i e s  o f  th e  
in p u t v o lta g e  e ^ ( t )  as
th a t  c o n s i s t s  o f  two eq u al am plitude s in u s o id s  a t  two d i f f e r e n t  f r e q u e n c ie s  
C/J j  and oO 2 *
3
( 4 . 3 . 1 )
C o n sid er an in p u t s ig n a l
e ^ t )  =  A (co s co^t -+- c o s o ^ t ) ( 4 . 3 . 2 )
A pplying e i  to  K q n . ( 4 .3 . l )  y i e l a s
( 4 . 3 . 3 )
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From £ q n .( 4 . 3 . 3 )  i t  is  seen th a t the output s ig n a l co n s is ts  of components
a t  d c , th e  fundam ental f r e q u e n c i e s a n d  u>2, th e  second and t h i r d
( th e  sum o f th e  c o e f f i c i e n t s  o f ^  an d «>2 i s  3 ) .  In  th e  system  where 
th e  o p e ra tin g  freq u en cy  band i s  l e s s  th an  an o c ta v e , a l l  th e  sp u rio u s
f a l l  o u ts id e  th e  passband and can  be a tte n u a te d  by a p p ro p r ia te  f i l t e r s .  
But a l l  th e  sp u rio u s s ig n a ls  a t  th e  f r e q u e n c ie s  and 2u>2 ~
w i l l  f a l l  w ith in  th e  passband and can d i s t o r t  th e  d e s ire d  s ig n a l  a t  the 
fundam ental freq u en cy  uJ o r u i j .  The in p u t and output spectrum  o f  e^ 
and e o a re  shown in  F ig u re  4 . 3 .1  ( a ) - ( b ) .
harm onics 2 <n^,2 >^ 2 ,and  3 <h^» 3<^2 and th e  8econ<l- o rd e r  in te rm o d u la tio n  
pro d u cts a t u ) ^ i e 02 ( th e  sum o f th e  c o e f f i c i e n t s  o f  ^ and c j 2 i s  2) ,
and th e  th ir d -o r d e r  in te rm o d u la tio n  p ro d u cts  a t  2 u)^tu>2 and 2 «>2 + « i ^
s ig n a ls  a t  cO (J2, 2^ ,  2u>2 ,  2 u31+ u ) 2 , 3^  and 3u >2




Figu re  4 .3 * 1  (a )  Input Spectrum
(b ) Output Spectrum of a tw o-port w ith  th ird -o rd e r  
D is to rtio n
13*2
C o n sid e r  an in p u t s ig n a l  w ith  s in g le  freq u en cy
e^= Acos ud ^t ( 4 . 3 . 4 )
A p p ly in g  K q n .( 4 . 3 . 4 )  t o  K q n .( 4 . 3 . 1 )  y ie ld s
e Q( t  ) — k^Acos ul^t +  A co s  uJ j t  -f- k jA * c o s u l jt
=  k^AcoscD^t +  lc^A^i 5 + j  c o s 2 a J^ t )  4 k^A^( ^ c o s u l^ t  + | co s 3 t(J^ t)
— + (k^ A + |kjA^)cosU>^t + ^^^0082 u)^ t 4 ^kjA3os3ud^t
( 4 . 3 . 5 )
From Kqn. ( 4 . 3 . 5 )  ,  one can  see  th a t  th e  fundam ental component o f  e o h as an
r 5 2 ~1am plitude o f k^A 1 + ^(k^/k^)A J  t which i s  g r e a t e r  th an  k^A (th e  g a in  i f  th e  tw o- 
p o rt i s  l i n e a r )  i f  k^> 0 and s m a l le r  th an  k^A i f  k j<  0 .  T h is  p ro p erty  
i s  c a l le d  g a in  exp an sion  o r  g a in  co m p ressio n . Most p r a c t i c a l  d e v ic e s  
a r e  co m p re ss iv e , th a t  i s ,  k^<  0 and th e  output power i s  u s u a lly  
c h a r a c te r iz e d  a t  th e  1 dB g a in  com p ression  p o in t .
From ilq n . ( 4 . 3 . 5 )  > th e  g a in  a t  th e  fundam ental fre q u e n cy  u!  ^ i s  g iven  by
2„ .3
G =  20 1 og
i -  f a y  _  .k , A
— 201o g (k x f  |k?A2 ) ( 4 .3 .6 )
a s  compared to  th e  l i n e a r  g a in  G d e fin e d  a so
k. A
G — 201 og —— — 201 ogk.O A 1 (4.3.7)
The 1 dB g a in  com pression p o in t i s  d e fin ed  a s  th e  s ig n a l  le v e l  
whe re
Cl d B - Co ~ 1 dB ( 4 . 3 . 9 )
o r  e q u iv a le n t ly ,
k l  * $ * 3*^=  0,891 k l
( 4 .3 .0 a )
133
Hence a t  th e  1 dB gain  com pression  p o in t th e  am plitude o f  e .  i s  l im ite d  as
/ k
( 4 .3 .8 b )
Assume th a t  th e  in p u t and output im pedences o f  th e  tw o-p o rt a re
Zi n =  Zout =  H ( 4 . 3 . 9 )
Then th e  in p u t and output powers P^ and PQ a t  th e  fundam ental freq u en cy  
a re  g iv e n  in  dBm as
Pi = 1 0 1 o g | _ ( -  ) 2 — 5 ]  dBm ( 4 . 3 . 1 0 )
P = 1 0 1 o gO
r<
_ . / F  R _
/ kl A *  I k 3A5N\ 10 5L V / r
dBm
)  R J dBm
( 4 . 3 . H )
The output power a t  1 dB g a in  com p ression  p o in t P i slai3
Pld B  ~  Cld B  + ? i  ~  G — 1 +  P. dBmO 1 ( 4 .3 .1 2 )
S u b s t i tu t in g  i - q n .( 4 .3 .8 b )  and B q n .(4 *3 » 1 0 ) i n t o  E q n .( 4 .3 .1 2 )  y ie ld s
Pld B  = Go '  1 + 101° *
= 10iog52tZ9_ki
= lO log
0 .1 4 5 k 1 10 3 -i
2|k3 | H dBm
kjj H
/ , k? 10'' 1 1
v 17-33 |kj| R
dBm
F o r R r 5 0 i~ l,  then
( 4 .3 .1 3 )
PldB —  101° *  — . 4  0 .6 2  dBm
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( 4 .3 .1 4 )
A u se fu l measure o f  the th ir d -o rd e r  in te rm od u la tion  d is t o r t io n  i s  the
"  i n t e r c e p t  p o in t , "  d e fin e d  as th e  o u tp u t power l e v e l  P j  a t  which th e  
output power ^  t *le fre q u e n c y  2W^ -  o i  ^ would I n t e r c e p t
th e  ou tp u t power Pq a t  uJ  ^ ( where th e  tw o -p o rt i s  l i n e a r  ) i f  lo w - le v e l
r e s u l t s  w ere e x tr a p o la te d  i n t o  th e  h igher^pow er re g io n  a s  shown in  F ig u re  
4 .3 * 2 .  At low l e v e l ,  th e  ouput power PQ i s  d i r e c t l y  p ro p o r t io n a l t o  th e
am p litu d e o f  th e  in p u t s ig n a l  w h ile  th e  output power - oo. )
i s  d i r e c t l y  p ro p o rt io n a l to  th e  cube o f  th e  in p u t am p litu d e .T h u s th e  
p lo t o f  e a ch  on a lo g ^ lo g  s c a le ( o r  dBn/dBm s c a le )  w i l l  be a s t r a i g h t  
l in e  w ith  a  s lo p e  co rresp o n d in g  to  th e  o rd e r  o f th e  re s p o n s e , th a t  i s ,  
th e  re sp o n se  a t  uJ^ w i l l  have a s lo p e  o f  1 and th e  resp o n se  a t
w i l l  have a  s lo p e  o f 3 .  T h e ir  i n t e r s e c t i o n  i s  th e  in t e r c e p t  p o in t .
9 3The a c tu a l  am plitud e o f  th e  output s ig n a l  a t  UJ  ^ i s  k^A +jk^A  where
9 3k j  < 0 f o r  co m p ressiv e  tw o -p o r ts . Hence a t  low er power l e v e l s  (k^A+^k^A ) ,
th e  re sp o n se  o f th e  output power  ^ a t  oJ  ^ a lm ost c o in c id e s  w ith  th e
resp o n se  o f  th e  output power PQ a t  to  x when th e  tw o -p o rt i s  assumed to  be 
l i n e a r .  At h ig n e r  power l e v e l s  th e  resp on se  o f P j ^   ^ w i l l  be com pressed
and w i l l  d e v ia te  from  tn e  resp on se  o f  PQ as shown in  F ig u re  4 .3 * 2 .
Prom h q n .( 4 .3 « 3 ) î
P n lO lo g  o
* ( 2 ^ - ^ )  =  10108
( 4 .3 .1 6 )
( 4 .3 .1 7 )
Since a t  P j  by d e f in i t i o n ,  Pq s P (2 i J  _ ^  by com paring Eqna. ( 4 . 3 .1 7 )  
and ( 4 .3 .1 5 ) »  one o b ta in s  th e  t h e o r e t i c a l  am plitude A a t  P^ as
v 5
and th e r e f o r e  / „ k f  . - 3
P =  lO lo g  --------- - i -
1 V  N
i f  r  =50 n
PT =  101og7r^T  +  1 1 .2 5  dBmi  |Kj|
And from  F ig u re  4 . 3 . 2 ,  th e  resp o n se  o f  P 
o f  P
At P.
( - x )
( 4 .3 .2 0 )
i n t e r s e c t s  th e  resp o n se
>_ , % a t  th e  p o in t PT .  I t  i s  u s e fu l to  r e la t e  PT t o  P T.(¿uJj^ - uJ2) I I I
j  » - O O , ) *  * *  comPa r in S  £ q n s . ( 4 .3 .1 6 )  and ( 4 .3 .1 7 )
1 f 1 2
tn e  am p litu d e A a t PT i s  g iv e n  a s
* <**p;
and hence 3 5, k, 10*
P = 101 Og ( -±- -T— ---u--- )
1 1 2 |k 3| H
=  P j -  9 dBm
( 4 .3 .2 1 )
dBm
( 4 .3 .2 2 )
com paring E q n s . ( 4 .3 .1 3 )  and ( 4 . 3 . 1 9 ) ,  a  r e la t io n s h ip  between P j and PldB
From Eqn. ( 4 .3 .1 9 ) »  th e  in te r c e p t  power P j i s  independ ent o f th e  in p u t power 
and i s  t h e r e f o r e  a u s e fu l measure o f  t h e  system  n o n l i n e a r i t y . A lso by 
com paring E q n s. ( 4 .3 .1 5 ) »  ( 4 .3 .1 7 )  and ( 4 .3 * 1 9 ) »  th e  ou tpu t power a t
can  be g iv e n  a s




F ig u re  4 .3 * 2  D e f in i t io n  o f th e  in te r c e p t  p o in t 
F i n a l l y ,  th e  th ir d  ord er in te rm o d u la tio n  d is t o r t i o n  IMD  ^ in  dDc i s  d e fin e d  as
( 4 .3 .2 5 )




4 .4  T r a n s is t o r  Large S ig n a l C h a r a c te r iz a t io n
I t  i s  w e ll lcnown th a t  th e  h ig h e r  the power o f GaAs FETs th e  w ider 
tn e  t o t a l  g a te  w id th  must b e . T h e re fo re , th e  e v a lu a tio n  o f  h igh power 
GaAs FETa become more d i f f i c u l t ;  ,  b ecau se th e  in p u t impedance o f  th e  d ev ice  
become lo w e r, l e . g .  f o r  g a te  w idth o f  1800  urn th e  impedance i s  only 
4 ohms) ( 3 ) .  T h is  w il l  degrade co n v e n tio n a l sm all s ig n a l  S -p a ra m e ters  
m easurem ent.
As th e  FET i s  n o n - l in e a r  a t  h ign  power o p e ra tio n , th e  sm all s ig n a l  
S -p a ra m e te rs  become in a d e q u a te , b ecau se th e  optimum load  impedance v a r ie s  
u n p re d ic ta b ly  w ith  th e  output power.
L a r g e -s ig n a l  b eh av io u r i s  u s u a lly  d e scr ib e d  by exp erim en ta l lo a d - 
p u ll d a ta  which shows th e  load  dependeno* . o f th e  t r a n s i s t o r  output 
power a t  a f ix e d  in p u t ( 4 ) -  ( 8 ) .
The s o - c a l l e d  " lo a d - p u l l"  m easurem ent, u sin g  u l t r a p r e c is io n  c a l ib r a t e d  
im pedance tu n e r , m easures d ev ice  power output Pout by s e le c t in g  an ou tpu t 
load  whose impedance has th e  o p p o s ite  s ig n  to  impedance ZQut,lo o k in g
in to  th e  d ev ice  o u tp u t. These measurements produce a s e r ie s  o f 
c o n s ta n t pow er-output co n to u rs  on a .Smith c h a r t  ( which show a l l  
p o s s ib le  lo a d  im pedances ) .  To o b ta in  th e  c o n to u rs , a  measurement 
must be made a t  e ach  power le v e l  and a t  each freq u en cy  o f i n t e r e s t .
A t e s t  se tu p  th a t  can be used to  measure la r g e - s ig n a l  lo a d -p u ll  
d a ta  and t h i r d  o rd e r  in te rm o d u la tio n  d is t o r t io n  IKDj i s  suggested  in  
F ig u re  4 . 4 . 1  The t r a n s i s t o r  i s  f i r s t  mounted in  a s u i ta b le  t e s t  
f i x t u r e  d esign ed  so  th a t  th e  r e fe r e n c e  p lan es  a t  th e  inp u t and ou tpu t 
o f  th e  packaged d e v ic e  can be a c c u r a te ly  m easured.
Two s ig n a l  g e n e r a to r s  a re  used f o r  m easuring th ir d  o rd er in te rm o d u la tio n  
d i s t o r t i o n ,  two s in g le  fre q u e n c ie s  f^ and f^  w ith  3“ 10 MHz ap art a re  s e t  
to  be o f e q u al a m p litu d e . For lo a d -p u ll  measurements , the s ig n a l g e n e r a to r  
f^  on ly  i s  u sed .
The f i r s t  s t e p  in  th e  e x p erim en ta l method i s  to  determ ine a t  w hich 
in p u t power l e v e l  tn e  la rg e  s ig n a l  load  p u il d ata  should be m easured.
T m s l e v e l  i s  found as fo llo w s . (9 )
138 t
Figure  4 . 4.1  Te a t Setup fo r  Measurement of Large S ig n a l F&rameter (  L o a d -° u ll ) 
and 5 rd -o rd e r In te rm o d ula tion  D is to r t io n .
1 5 9
For th e  MSC 88010 h ig h  power d e v ic e , f^  i s  3 e t  t o  be 6 .6  GHz , a t  a number 
o f in p u t power ra n g in g  from  20  dBm t o  29 dBm ( t h i s  range may vary  
depending upon th e  d e v ice  under t e a t  ) .  The in p u t tu n e r  and output tu n e r  
a re  a e t  to  y e i ld  tn e  maximum g a in , th e n  w ith  th e  tu n e rs  rem aining f ix e d , 
th e  sm all s ig n a l  g a in  i a  measured and th e  com p ression  i s  c a lc u la te d , 
u n t i l  1 dB g a in  com p ression  p o in t i s  found, w hich i s  ¿8  dBm f o r  th e  MSC88010.
Tne second s te p  i s  to  a d ju s t  th e  input and output tu n e rs  f o r  maximum 
output power g a in  w ith  28 dBm in p u t power l e v e l .  Then keep in g  th e  input 
tu n e r  f i x e d ,  th e  ou tpu t tu n e r  i s  v a r ie d  to  o b ta in  co n sta n t power g a in .
By s e t t i n g  f^  eq u al to  6 .6 0 5  GHz, th e  th ir d  o rd e r  in te rm o d u la tio n  d is to r t io n  
IMDj i s  a ls o  m easured . N ext, th e  g a in , road impedance and IMD  ^ a re  recorded
f o r  a number o f  ou tpu t tu n e r  s e t t i n g s  to  d e r iv e  power g a in  co n to u rs  and IMD  ^
a fu n c t io n  o f lo a d  im pedance.
The measurement r e s u l t s  f o r  MSC86010 a re  shown in  F ig u re  4 .4 .2  
As e x p e c te d , th e  lo ad  impedance f o r  b e s t power g a in  a t  h igh le v e l  and fo r  
optimum in te rm o d u la tio n  p erform ance i s  r e l a t i v e l y  c lo s e  to  c e n te r  o f the 
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nHAPTOH 5 A COMPLETE DESIGN FOR AN 8 GHz, 10 WATT SOLID STATE POWER 
AMPLIFIER FOR TWT REP LACKi* NT
5 .1  AN 8 GHz, 10 WATT SOLID-STATE POWER AMPLIFIER DESIGN REQUIREMENT
The HD-3 i s  N orthern  T elecom ’s  lo n g -h a u l (6560  km ) d i g i t a l  
microwave ra d io  s y s te m , ca p a b le  o f t r a n s m it t in g  and r e c e iv in g  a s in g le  
b i t  stream  of 9 1 *0 4  M bit/s RF ch a n n e l, g iv in g  i t  a c a p a c ity  of 1544  VF 
c h a n n e ls . There a r e  12 RF ch a n n e ls  o p e ra t in g  in  th e  7 .7 2 5 - 8 .2 7 5  GHz 
common c a r r i e r  band ( l ) ( 2 ) .  T h is  d i g i t a l  r a d io  has been in  s e r v ic e  s in c e  
1970 u s in g  a 10 W TWT a m p li f ie r  in  th e  t r a n s m it t e r .
5 .1 .1  SreCIFICATION
In  order to  re p la c e  the TWT by 
the fo llo w in g  s p e c if ic a t io n  must be
Frequency ra n g e :
Inp u t power l e v e l :
(Nom inal)
Output power le v e ls
Small S ig n a l G a in :
Gain r ip p le  (m a x):
Gain slope (m a x ):
Input re tu rn  lo s s :
Output re tu rn  lo s s :
(w ith  i s o l a t o r )
A J^ H ! co n ve rsio n  f a c to r :
Af^AM co n ve rsio n  f a c to r :
Group delay response:
Noise f ig u r e :
Operating tem perature :
Harmonic out p u t :
MTBF (a t  2 6 °  C ) :
Output power v a r ia t io n  w ith  
te m p e ra tu re :
s o l id  s t a t e  power a m p l i f ie r ,  
m et.
7 .7 2 5  -  8 .2 7 5  GHz
(550  MHz Bandwidth)
- 2  t o  2 dBm 
0 dBm
50-  t o  40-dftn c o n tin u o u sly  
a d ju s ta b le
52 A 2 dB
±  2 dB
.3  dB/25MHz 
20 dB min 
20 dB min
2 °  /dB max 
.fi dB/dB max
10 ns/ 20 MHz 
10 dB max 
0 °  to  5 0 °  C 
-3 5  dBc
200,000 h r a . min
i  1 .5  dB
i5 .2  PUWBN AMPLIFItil LINL-UP AND GAIN BUDGhT
The power a m p l i f ie r  l in e - u p  and g a in  budget i a  shown in  F ig u re  $.¿.1. 
There a re  f i v e  m odules in  th e  a m p l i f ie r ,  each  module i s  i s o la t e d  
e i t h e r  by d r o p - in  i s o l a t o r  o r  3-d li b r a n c h - l in e  c o u p le r .
In  o rd e r  t o  c o n t r o l  th e  l i n e a r i t y  o f  th e  a m p l i f ie r ,  th e  number o f 
s ta g e s  o f e a c h  module i s  l im i te d  t o  tw o.
M ic r o s t r ip  c i r c u i t s  a re  f a b r ic a t e d  on 25 X 10 i n - t h i c k  
Duroid s u b s t r a t e  w ith  a r e l a t i v e  d i e l e c t r i c  c o n s ta n t o f  1 0 .2 .
Module 1 : 
Gain 16 dB G ain -
Module 2 : Module 3 :  Module 4 :  Module 5 :
Gain 1 4 .6  dB Cain 1 3 .6 d B j Gain 5 .4  dB
0 dBm 
Input
40  dBm 
Output
F ig u re  1 ( a )  B lo ck  Diagram f o r  S e v e n -s ta g e  10 W S o l id - s t a t e
Power A m p lifie r




5 .3 module 1
Baaed on th e  d e s ig n  p r in c ip le s  d e s c r ib e d  i n  C h a p te rs  3 4  4»
u sin g  co m m e rcia lly  a v a i la b le  so ftw a re  p ackage: Super COMPACT, w ith  
t y p i c a l  S -p a ra m e te rs  g iv e n  by m a n u fa c tu re rs , module 1 a s  shown in  







F ig u r e 5 .3 .1  Module 1
T a b le  5 . 3 . 1  i s  th e  SUPEH-CQMPACT d a ta  f i l e  o f module 1 and T ab le  5 .3 .2  
c o n ta in s  th e  t n e o r e t i c a l  r e s u l t s .
F ig u re  5 .3 .^  shows th e  MIC sch e m atic  o f  module 1 .
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I
ITable 5»3»1 Super-Compact data file of module 1
BLK
TEE 4 b o W1=24B1L WE=E4B1L W3=ortIL SUb
TRL O 7 2=8B1L P=l4bBlL SUB
STEP 7 B W 1-bKIL W2=bOBlL SUB
TRL d 9 W = 00MIL P=1z j BIL SUb
RES B R-1.0fc*7
SRC a u R = bo c =B2PK
BIAS: ¿POR 4 b
END
LAD
TRL 1 £ W =¿4 fl IL p = 120illL SUb
C: SLC 2 3 L = 0.3 IhH C=1.3PP 
TKL 3 4 H = 24niL SUb
BIAS 4 b
TRL b 6 W = 24 M1L P=160BIL SUb
• STEP 6 7 W 1 = 24MIL W2=bOBlL SUB
TRL 6 8 H=?78 .462BIL? P=?14b-62BXL? Süu
TWO 8 9 Q1
TRL 9 10 W=24BIL P=20MIL SUb
• STEP 10 11 W1=24BIL W2=190BXL SUb
X:TRL 1U 12 W —? 2 3•8 b3BlL ? P=?3.UÜb7«lL? sua 
BIAS 12 13 
X 13 14 
C 14 15
TRL 1b 16 W=24BIL P=40BIL SUb 
BIAS 16 17
TRL 17 18 «Í —24B1L P=10BIL SUB
OST 18 20 W=110B1L P=?70.67flXL? SUb
TRL 20 21 H =2 4BXL P=30BIL SUB
OST 21 22 M =4OHXL P=?b7.Ob1BIL? S U b
TRL 22 23 B=24HXL P=bOMlL SUb
TWO 23 24 Q2
TRL 24 2b H=24BIL P=?79.343XL? SUb
•STEP 2b 2b W 1=24BIL W2=112HIL SUb
TRL 2b 27 W = ? 108.S7BXL? P=?b2.OJofllL? SUB
♦STEP 27 28 H 1=112BXL W2=24BXL SUB
TRL 27 29 W=24B1L P=140BIL SUB
BIAS 29 30
TRL 30 31 W =24B1L P = 20BIL SUB
C 31 32
TRL 32 33 W=24flIL P=120MIL SUb
BOD 1 : 2POR 1 33
END
PREU
STEP 7.7GHZ 8.3GHZ .1GUZ 
END
OUT
PRX B O U 1 S 
END 
DATA
SUB: BS H =2b .OBIL ER = 10.2 BET1=CU 1.4BIL TAND=0.0020 





«ODI R 1 = 50 R2=50 
P = 7 . Vi» HZ 7-dGHZ KS2 I — I ^ U fc» 
P = y . 9GHZ 6.1GHZ 1 = 1 b DD






SUPEh-COBPACT Version 1.b*15d 5/16/03 2 2 : 1 2 : 0 3  0 5 / 2 * / b 4
CIRCUIT: (IODI FI LE bAH t “aoDlOPTI"
(IATHIX, ZS = 50 .0*J 0.0 ZL = 50.0+J O • O
FRty SII S21 S 12 S 22 S21 STAB SGN
GHZ BAG ANG BAG AnG BAG ANG BAG ANG dD K b 1
7.70000 0.170 55 o.dVS - 122 0.004 166 0.2*1 137 16.77 17.10 ♦
7.DOOOÜ 0.132 13 7.*52 - 14* 0.005 140 0.21b 103 10.01 13.11 ♦
7.yoooo 0.127 -3b b.71* - 17b 0.005 111 0. 16 7 51 id.bi 10.77 ♦
b.00000 0.143 -70 b-0*b 1a2 0.005 02 0.17* -b 1b .*b *.91 ♦
Ö. 10000 0. 1 bu -107 d.4b3 123 0.005 53 0.22 1 -45 1d .55 10.35 ♦
b.20000 0.177 -125 7.bbd *o 0.005 27 0.255 -6* 17.72 11 .90 ♦
6.30000 0.1*30 -1 37 b . d 32 72 0.005 3 0.275 -Ob 16 .b* 14.37 ♦
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I5 .3 .2  Module 1 Measurement R e s u lts
The module 1 D e lta -g a in  and D elta -p h a se  m easurements a re  made 
u t i l i s i n g  th e  com puter program  developed in  C h ap ter 2 .  The r e s u l t s  a re
shown i n  T ab le  5 * 3 « 2 .1  w ith  b ia s  v o lta g e s  s e t  su ch  th a t  I dg i s  e q u a l to
h a l f  o f  L  f o r  both  t r a n s i s t o r s  ( 3 ) .  dss
From T ab le  5 . 3 . 2 . 1 ,  i t  i s  noted  th a t  th e  o v e r a l l  g a in  i s  h ig h e r  
th an  th e  e xp ected  v a lu e , f o r  exam ple: th e  sm all s ig n a l  g a in  i s  ¿ 5 .5 6  dB 
( ab o u t 5 dB h ig h e r  than d e s ig n  v a lu e  ) a t  7 .7  GHz, and th e  ou tp u t 
power i s  com pressed by 1 .8  dB a t  0  dBm in p u t power, i t  i s  not d e s i r a b l e .
By re d u c in g  th e  I ds from 30 ma to  15 ma f o r  th e  f i r s t  s ta g e  t r a n s i s t o r  
and fro m  75 ma t o  50 ma f o r  th e  second s ta g e  o f  th e  t r a n s i s t o r ,  th e  
op tim ized  perform ance i s  th e n  o b ta in ed  a s  ahown in  T ab le  5 * 3 .2 .2 ^  
a f t e r  f in e  tu n in g .
F ig u re  5 . 3 . 2 . 1  shows th e  g a in  resp o n se  and in p u t re tu r n  l o s s  oi module 1
Top t r a c e :  Gain re sp o n se . V e r t ic a l  s c a l e :  1 dB/Div.
R e fe re n ce  a t  c e n te r  l i n e  i s  17 dB.
Bottom  t r a c e :  In p u t re tu r n  lo s s  , V e r t i c a l  s c a le  10  dB/Div.
R e fe re n ce  a t  c e n te r  l i n e  i s  0 dB.
H o r iz o n ta l s c a l e  f o r  b oth  t r a c e s :  60  MHz/Div.
L e f t  edge i s  7 .7  GHz, r i g h t  edge i s  8 .3  GHz.
F ig u r e  5 . 5 . 2 . 1  The G ain resp on se  and Input R etu rn  Loss o f  Module 1
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Ol  : 1 V :  45
FREQ < GHz) = 7.7 GAIN (dB ) = 23.36
INPUT OUTPUT Del-Gai n Del—Phase
(dBm) (dBm) (dB> (dqrees)
-10.00 13.36 0 . 0 0 O. OO
-9.00 14.30 -.06 .09
-8.00 15.23 -. 13 . 16
-7. OO 16. 13 -. 23 . 34
-6.00 17.01 ■vc — . OJ . 46
-5.00 17. 86 -.50 .71
-4.00 18.67 -.69 .96
-3. OO 19. 45 -.91 1.13
-2.00 2 0 . 20 -1.16 1.44
-1.00 20. 92 -1.44 1.91
0 . 0 0 21.56 -1.80 2.39
1 . 0 0 22. 19 -2. 17 3.03
2 . 0 0 22. 77 -2.59 3. 76
01:19:58
FREQ (GHz) *= 8 GAIN (dB i> = 20.83
INPUT OUTPUT Del-Gai n Del-Phase
(dBm) (dBm) (dB) (dgrees)
-10.00 10.83 0 . 0 0 0 . 0 0
-9.00 11.82 -.Ol .07
-8.00 12.79 -.04 .26
-7.00 13. 73 -. lO .47
-6.00 14.69 -. 14 • 66
-5.00 15.60 -.23 . 84
-4.00 16.52 -.31 1 . 1 0
-3. OO 17. 40 -.43 1.46
-2.00 18.28 -.55 1.64
-1.00 19. lO -.73 2 . 2 0
0 . 0 0 19.90 -.93 2.69
1 . 0 0 20.64 -1.19 3.21
2 . 0 0 21.36 -1.47 3.97
Ol:20:11
FREQ (GHz) = 8,.3 GAIN (dB ,) = 21.76
INPUT OUTPUT Del-Gai n Del—Phase
(dBm) (dBm > (dB) (dgrees)
-10.00 11.76 0 . 0 0 0 . 0 0
-9.00 12.73 -.03 . 2 1
-8.00 13.69 -.07 .51
-7.00 14.63 -. 13 .83
-6.00 15.55 - . 2 1 1. 14
-5.00 16. 46 -. 30 1.60
-4.00 17.33 -. 43 2.09
-3.00 18.21 -.55 2.64
-2.00 19. 07 -. 69 3.33
-1.00 19.88 -. 88 4.07
0 . 0 0 2 0 . 66 -1.10 5. 14
1 . 0 0 21.40 -1.36 6 . 19
2 . 0 0 22. lO -1.66 7.51
T a b le ¡ 5 . } . 2 . 1  Module 1 D e lta -g a in  and D e lta -p h a s e  measurement r e s u l t ?  
(b e fo r e  optimum b ia s in g )
T ab le  Module 1 d e l ta — g a in  and de I t  phase measurement r e s u l t s
fiodu 1 e W1 with F sx 5 1 bi fas Ini 08 : 45: S1 (after optimum biasing)
FREQ (GHi) = 7.7 GAIN (dB ) = 18.49
INPUT OUTPUT Del-Gai n Del-Phase Iqs Vgs Ids Vds
( dBm > (dBm) (dB> (dqrees) (ua ) ( mv ) (ma ) (V) j
-10.00 0.89 0.00 0.00 -1.19 -1550.00 15. 58 9.11
-9.00 9.88 -.Ol -. 1 1 -2.38 -1550.00 15.64 9. IO
—B.OO 10.89 0.00 -. 16 -1.19 -1550.00 15.73 9. IO
-7.00 1 1.88 -.Ol -. 20 -4.76 -1550.00 15.83 9.09
-6.00 12.89 0.00 -.30 -4.76 -1550.00 15. 9B 9.07
-5. OO 13. 89 0.00 -. 37 -4. 76 -1550.00 16.13 9.06
-4.00 14.87 -.02 -. 46 -4. 76 -1550.OO 16. 28 9.05
-3.00 15. 85 -. 04 -. 46 -7.14 -1550.OO 16.49 9.03
-2.00 16.83 -.06 -. 46 -4.76 -1550.00 16.71 9.01
-1.00 17. 78 -. 1 1 -.54 -8. 33 -1550.00 16.98 8.99
0 . 0 0 18.71 -. 18 -.57 -8. 33 -1550.00 17.29 8.96
1.00 19.59 -. 30 -.61 —8.33 -1550.00 17.65 8.93
2.00 20. 42 -. 47 -.64 -8. 33 -1550.OO 18.08 8.89
FREQ (GHz) = B GAIN (dB ) = 16.47
INPUT OUTPUT Del-Gain Del—Phase Igs Vgs Ids Vds
(dBm) (dBm) (dB) (dqrees) (ua) (mv) (ma) (V)
-10.00 6.07 0.00 0.00 0.00 -1550.00 15.61 9.11
-9.00 7.07 0.00 -. 11 -1.19 -1550.00 15.67 9. IO
-8.00 8. IO .03 -. 17 -1.19 -1550.00 15.73 9.09
-7.00 9. IO .03 -.24 -1.19 -1550.00 15.85 9.09
-6.00 10. 12 .05 -.31 -1.19 -1550.00 15.98 9.07
-5.00 11.13 .06 -.47 -1.19 -1550.00 16. 12 9. 06
-4. OO 12. 15 .08 -.41 0.00 -1550.00 16.28 9.05
-3.00 13.17 . IO — . 53 -1.19 -1550.00 16. 43 9.03
-2. OO 14.18 . 1 1 -.61 -1.19 -1550.00 16. 65 9.01
-1.00 15.18 . 1 1 -.66 — 2. 30 -1550.00 16.89 8. 99
O. OO 16. 16 .09 -.76 -2. 38 -1550.00 17. 16 8. 97
1 .OO 17. 16 .09 -.91 -1.19 -1550.00 17.47 8. 94
2.00 18. 12 .05 -.89 -4.76 -1550.00 17.84 8.91
FREQ (GH N II GO 3 GAIN (dB .) = 17 .43
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs Ids Vds
(dBm) (dBm) (dB) (dqrees) (ua) ( mv > (ma) (V)
- 1 0 . 0 0 7.73 0.00 0.00 -2. 38 -1550.00 15.67 9. IO
-9. OO 8. 74 .Ol -.09 -1.19 -1550.00 15. 76 9.09
-8.00 9. 74 .Ol -. 19 -1.19 -1550.00 15.85 9.08
-7.00 10.76 . 03 -. 36 -2. 38 -1550.00 16.01 9.07
-6. OO 11.78 .05 -.50 -2. 38 -1550.00 16. 16 9.06
-5. OO 12. 78 .05 -.66 O. OO -1550.OO 16.34 9.04
- 4 . OO 1 3. 79 . 06 -.67 -4.76 -1550.00 16.55 9.02
— 3. OO 14.79 . 06 -.91 -7. 14 -1550.OO 16. 77 9.01
-2.00 15. 78 . 05 -.91 -3.57 -1550.OO 17.01 8. 98
- 1 . OO 16.74 . Ol -1.01 -8. 33 -1550.OO 17.29 8.96
O . OO 17.69 -.04 -1.11 — 3.57 - 1550.00 1 7.62 8.93
1 . OO 10.61 -.12 -1.09 -8.33 - 1550.OO 17.99 8.90
2. OO 19.51 -. 22 -1.13 -5. 95 - 1550.OO 18.38 8.86
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I5 .4  Module 2 : PIN Diode A tte n u a to r Module
The PIN diode is  a double d iffu se d  ju n c tio n  w ith  an i n t r i n s i c  
la y e r  ( I - l a y e r  ) se p a ra tin g  the P and N re g io n s. At fre q u e n c ie s  
above 100 MHz, the diode ceases to  be a r e c t i f i e r  because of c a r r ie r  storage 
and t r a n s it  time e f fe c ts . I t s  snunt capacitance is  q u ite  sm all because 
of tne se paration  of the P and N re g io n s  by the I - l a y e r .  C o n d u c tiv ity  
of the I -r e g io n  can be v a rie d  by a dc b ia s  cu rre n t and the d e vice  
becomes an e le c t r ic a l ly  v a r ia b le  r e s is t o r  which can be used f o r  
microwave a tte nua tors  up to  frequencies as h igh  as 20 GHz( 6 ) , (  7 )«
betw een Module 1 and Module 3 o f  th e  a m p l i f i e r .  I t s  fu n c t io n  i s  t o  s e t  
th e  o v e r a l l  g a in  o f  th e  power a m p l i f ie r  and to  provide th e  c o n t r o l  
e lem en t o f  A utom atic L e v e l l in g  C i r c u i t  (ALC) f o r  te m p e ra tu re  co m p en sa tio n .
By v a ry in g  th e  DC c u r r e n t  through  th e  d io d e , MA47221, t h e  a tte n u a t io n  
can  be v a r ie d  by ap p ro x im ate ly  20 dB. F ig u re  5 .4 .2  i s  th e  PIN diode 
a t te n u a t io n  v . s .  fre q u e n cy  resp o n se  co rresp o n d in g  to  th e  c u r r e n t  th rou gh  
and v o lta g e  a c r o s s  th e  d io d e . To m inim ize i n t e r a c t io n s  betw een  th e  
a t te n u a to r  and a d ja c e n t  a m p l i f ie r  m odules, th e  in p u t and o u tp u t o f th e  
PIN d iode a r e  co n n ected  t o  m ic r o s t r ip  d rop in  i s o l a t o r s .
The PIN diode a t te n u a to r  a s  shown in  F ig u re  5 . 4 . 1 ,  i s  in s e r te d
O
In p u t Output
O
F ig u re  5 .4 .1  Module 2 :  PIN d iod e a t te n u a to r
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F ig u re  3 . 4 . 2  Nodule 2 : PIN diode a tte n u a tio n -fr e q u e n c y  resp on se  
V e r t ic a l  s c a l e :  ld B / d lv .
H o riz o n ta l s c a l e :  60MHz/div. from 7 .7  to  8 . 3  GHz
Id(m a) Vd(v)
-2dB 0 .0 0 8 0 0 .5 0 0
-3dB 0 .0 1 8 1 0 .5 4 8
-4dB 0.0302 0 .5 7 3
-5dB 0 .0 4 3 8 0 .5 9 1
-6dB 0 .0 5 9 6 0 .6 0 7
-7dB 0 .0 8 0 0 0 .6 2 1
-8dLB 0 .1 0 2 7 0 .6 3 4
-9dB 0 .1 2 6 1 0 .6 4 5
-lo d B 0 .1 5 6 1 0 .6 5 6
- l ld B 0 .1 9 0 7 0 .6 6 7
-12dB 0 .2 3 6 0 0 .6 8 0
-13dB 0.2900 0 .6 9 3
-14dB 0 .3 5 4 0 0 .7 0 4
-15dB 0 .4 3 3 0 0 .7 1 8
-l6 d B 0 .5 2 9 0 .7 3 1
-17dB 0 .6 1 9 0 .7 4 3
-18dB 0 .7 0 3 0 .7 8 6
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5*5 Mudule 3
The Module 3 i s  c o n s tr u c te d  u s in g  F u j i t s u  FSX52WF and 




- ^ 5 ) —^ Output 
23dBm
F ig u re  5 .5 .1 «  Module 3
T a b le  5 * 5 .1  i s  th e  SUFER- COMPACT o p tim iz a t io n  d a ta  f i l e  o f  module 3 
and T a b le  5 * 5 .2  c o n ta in s  tn e  t h e o r e t i c a l  r e s u l t s .
F ig u re  5 . 5 . 2  shows th e  MIC c i r c u i t  r e a l i z a t i o n  on Duroid s o f t  s u b s tr a te
F ig u re  5 * 5 .3  i s  th e  g a in  resp o n se  and in p u t re tu r n  l o s s  o f module 3 .  
T a b le  5 . 5 . 3  i s  tn e  measurement r e s u l t s  f o r  th e  l i n e a r i t y  o f  module 3 .
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ITable > .5 .1  Super-Compact, data file of the Module 5-
HX: ?10S.o2MlLi 
Vi Ï : id'/. U2bMi i./
wz: ilud.oir.ii,?
BLK
Xr;_ 4 s o irl=4Üf.ii Wt-4oniL o - u . U L  uUs
xi!L o 7 W = üfidi. X— lou.ixi, SUS
Siti- 7 d h 1-ar.iu «s—duf.it sua
TftL d 4 X — oUftii P=1jotli oub
hhj s r - 1 . uL♦ 7
S (C d 0 K — Su C=e _t*r'
dl n Si : 2 PO t *♦ s
£K S
BLK
f — £ *4 d O ni —tritili  ^J=o.1iu SOo
Thi o / Vi = ttll L t-loURU, sUb 
Sfif 7 d Vi 1 = bfllt w2 — bi’ttlL SUd 
THL d S <Ì=O0?liL P-1jOf.it Sdii 
R-1 .u£ « 7
U ii * So C - J . 1 ?
I ¿i’Oi. r* *J
h t S  7
SRC J 
M . . s 2  : 
¿ N i
BLK
f i t  4
T h i  o 
ST si
1 it L J
REs '? 
Sr C d 
luASJ : 
END
5 d  rr 1 — b  U ii 1 t  .i t  — O O £? i  x. r i - t l i i .
7 W— t r t l i  i - l o ü h l t  0 U 2 
7 a W 1 = hfllt «2 = dur.IL SUo
'j *  -  c i h i i 
ft = 1 .ul*7 
U ft — SU C = d2Pr 
SPUR 4 S
IdUiMi s 0 a
Lad
ThL 1 2 Vi=24filL Ì-140.11L Sib 
C: SLC z J L=0.dlMI C = 1.dii 
TftL J 4 H=40M1L P=12tlIL SUb 
OST 4 SO l* = yOKlL P=«ï SUM 
SIASI SO S
THL S b Vi =4 Oh LL i=S6HlL SUL 
STEP ü / « 1 —4 OD 1 i 42=1aGf.iL SUL 
THL 7 fc W = 1du.-ili t - / M i l  sUb
1 ■ o d ü O '
TftL y lo *=24fliL p=2UHli Sbd
OSI 10 11 li = 1 OOhiL c’-i 1 /s.oltliii JÜJ
BIAS? 11 12
THL 12 Id Vi = 24HIL P-30fllL SUO 
THL 1J 14 H = 24flIL P = S0f11L SUb 
C 14 IS
Tnl IS 1b H-24.Hi 1' = JO M i t. Suo 
BIAst 1o 17
THL 17 Id Vi —2 4rt 1 L i= 74 flit SUS
STEP Id 20 Hl=24hlL H2 — So MIL Suo 
THL 20 21 H=S4nlL P=2bMlt SUb
TviO il 24 (¿2
ThL 2 4 2S H =4 Oh 11. x' = SO li 1 » _ub
OSx 2 S 2b ri-tlilil i - Hu Sil_
TitL 2o 27 H —b Oil 1 x- r - li.lxx Sub
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BIAS J ì.7 JO
ínL J 1 -il t - li »i, j• 1 L i‘~ / O li i i JÜ li
C J 1 .1 *.
t u  J ¿ bJ -l i- ir — i' *_ ** .OS 1.UL/ u ^
STEP Jj J4 4 1=4 *4 fi IL * ¿ 1»À J JO
TtiL .»-1 Jb <:t A b — 2:4 Ti i.L J b
S Ì £ r  b b b o   ^ 1 -  «A — -  4  b  1 o  Z J  0 
T l i L  ->o il i _ J - >
Ho o .l : -1 o.. 1 J7 
END
F t :W
S 1' P / • /blIZ ti • Jlj 11 à*. Ü • lottò
hiO
OUT
t - a i  .i o d ¿  b
END
OPTnou¿ .< i=bu .ii-ïo
P=7 .  / ÔI.Z / • J  O il Al f.b^ ì - 1 /Di. V» i W —1> Ü J A Í - . « '  L i
F —/ . 9ol.Z o • liiìiiL Kbz 1 - 1 _> üb ili »i o z i i - . i !  L‘1
F=b .  stinti 6 • j o  liL fiSÉ 1 - 1 /DE Vj 1  ^ j  n o ¿  ii ~ • á ii i
END
d a i
b u s :  . l b  li - ¿ b .  Olì  Lu -  l o  . <  Iì £ . T 1 = C ò l . u n i z  li> i> L—0  .  UU Zu
y i :  Fujsic 
y ¿ : 3
S i i i i Z .  U z b 1 O 9 1 .  Ubo E 9 • U JS —O l o  —1 0 ö
o Oli E a ts2<¿ 1 4 7 l  .  0 4 4 l o • o b 4  - l o  - ‘♦ l o - 1 * b
7  òl i  Z . t ì E U U l 1 . 4 Ì J - 1  1 .  J DH “ ¿ D  -4Z1> -1 -4 . 1
b i ì l l z • o l 9 1 1 9 1 . i b o - n 9 • OU*« -  DO . 4 3 ^ — l o b






























































ITop t r a c e :  Gain re sp o n se
V e r t ic a l  s c a l e :  1 dB/ D iv .
r e fe r e n c e  a t  c e n t e r  l i n e  i s  15 dB 
Bottom  t r a c e :  In p u t re tu r n  lo s s
V e r t ic a l  s c a l e :  10 dB/ D iv .
r e fe r e n c e  a t  c e n t e r  l i n e  i s  0  dB 
H o r iz o n ta l s c a le  : 6 0  MHz/ D iv .
L e f t  edge i s  7 .7  GHz;
R ig h t edge i s  8 . 3  GHz
F ig u re  5 .5 « 3  The Gain and In p u t R etu rn  L oss o f  th e  Module 3*
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T ab le  5 * 5 * 3  The L in e a r i t y  measurement H esuits o f  th e  Module 3
( G ate c u rre n t  & g a te  v o lta g e  o f  th e  FLC081WF i s  m easured )
FREQ (GHz) = 7.7 GAIN (dB > = 14.99
INPUT OUTPUT Del-Gain Del-Phase Igs Vgs
(dBm > (dBm) <dB> (dgrees) (ua) (mv >
0.00 14.99 0.00 0.00 —25.00 —2520•OO
1.00 15.98 -.01 .26 —33.33 -2520.OO
2. OO 16. 95 -.04 . 38 -40.00 -2520.00
3. OO 17.90 -.09 . 42 -50.OO -2515.00
4.00 18.85 -. 14 .54 -66.67 -2510.00
5.00 19. 78 -.21 .72 -91.67 -2505.OO
6.00 20. 68 -.31 . 98 140.00 -2495.00
7.00 21.56 -. 43 1.32 223•33 -2475.OO
8. OO 22. 39 -. 60 1.72 331.67 -2449.00
9.00 23. lO -.89 1.92 465.OO -2416.OO
lO. OO 23. 61 -1.38 1.86 601.67 -2385.00
11.00 24.01 -1.98 1.88 743.33 -2350.00
FREQ (GHz) = 8 GAIN (dB.) = 14. 51
INPUT OUTPUT Del-Gai n Del-Phase Igs Vgs
(dBm) (dBm) (dB) (dgrees) (ua) (mv)
O. OO 14.51 O. OO O . OO —8.33 —2525•OO
1. OO 15.51 O. OO 0.00 —8 • 33 -2525.00
2. OO 16. 49 -.02 . 18 -8. 33 2525.OO
3. OO 17. 49 -. 02 . 38 -13.33 —2525.OO
4.00 18. 47 -.04 . 62 -16.67 -2525.OO
5.00 19. 48 -.03 . 92 -16.67 —2525.OO
6. OO 20. 45 -.06 1.24 -16.67 —2525•OO
7.00 21.43 -. 08 1.54 -18.33 -2523.00
8. OO O'—) T  /Zz . oo -. 15 1.86 -25.00 —2520•OO
9.00 23. 27 -. 24 2. 38 -25.00 -2520.OO
10. OO 24.15 -.36 2. 74 —33.33 -2520.00
1 1. OO 24.96 — . 55 3.24 -41.67 -2520.OO
FREQ (GHz > = 8. 3 GAIN (dB ) = 15
INPUT OUTPUT Del-Gai n Del-Phase Igs Vgs
(dBm) (dBm) (dB) (dgrees) (ua) (mv)
O. OO 15.00 O. OO O. OO -16.67 -2525.OO
1 . OO 15. 97 -.03 -. 06 -16.67 -2525.OO
2. OO 16.97 — . 03 . 20 -25.00 -2520.00
3. OO 17.95 -. 05 . 14 -25.00 -2520.OO
4. OO 18.95 -. 05 . 04 33. 3 3 -2520.OO
5. OO 19.94 -. 06 . 12 -41.67 -2515.00
6. OO 20. 88 -. 12 O . OO -58.33 —2515.OO
7 . OO 21.80 -. 20 . 04 -78.33 -2510.00
8. OO 22 - 68 — .32 -.02 -116.67 -2500.OO
9.00 23. 50 50 -.28 -183.33 -2485.00
lO. OO 24.24 76 -.46 -300.OO -2455.00
11.00 24.83 -1.17 -.98 -463.33 -2419.OO
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I5 .6  Module 4
F ig u re  5 .6 .1  shows module 4 o f  two s ta g e  a m p l i f ie r ,  u s in g  
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L evel 
5 6 .6  dBm
F ig u re  5 * 6 .1  Module 4
S in c e  FLM7785“4C i s  i n t e r n a l l y  matched d ev ice  in  50  ohms 
sy stem , th e  d es ig n  o f  f i r s t  s ta g e :  FLC255MH-6, i s  op tim ized  by u s in g  
Super-Com pact and th e  d a ta  f i l e  i s  shown in  T a b le  5 . 6 . 1 .
F ig u re  5 . 6 . 2  i s  th e  sch e m a tic  o f  tw o -s ta g e  l i n e a r  a m p l i f ie r  
o f  module 4 .
F ig u re  5.6.5 i s  th e  g a in  re sp o n se  and in p u t r e tu r n  lo s s  
o f  module 4, and F ig u re  5*6.4 i s  th e  output r e tu r n  I 0S3 o f  module 4 .
T a b le  5 . 6 . 5  i s  th e  measurement r e s u l t s  f o r  th e  l i n e a r i t y  
o f  module 4 .
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Table 5*6 .1  SUFEHCQMPACT Data F i l e  f o r  The F ir s t  Stage o f  the Module 4
w x : > • 0  7 M l i  i
»  ï : s j .35« i l , i
3 LÀ
r  L i n 4 J  6  iv 1 “ OWii j L « L. •- l) U O A L N J  - C-.ia.
ï  K L o 7 w = oft 11 t> = l u  u iii i. b j  j
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MOD 4 H 1=50 K2 =50
P = 7 . 7 o h Z  / . b o l l i .  M b 2 1 = J D O  O i  * 1 = J  i 1 5 2 Z = . k .  L l
P = 7 . s o h Z  o . l o h Z  Í Í S 2 1 = 7 D b  L' i  i 1 S Z 2 = - 2  D'l 
F = a . - o h L  o . J O i . Z  t i S 2 l = S i i L  o i  W = 5  n j i i - . i  LT  
END 
DATA
SUD: &S H=25.UM1L £ii=10 . s riEfl=v:U 1.4I11L 1‘ A ND = 0 *00 20 
Q l î S
7 .6 G H 2 .  5 o d 5 5 .  j 1 .  j 5 j — U J  . 5  . 0  JÒ - ‘J O . S . 0 2 9  1 7 1 . 2
7 .(Jo h Z • 5 J  J 4 5 . 7 1 .4 0 0 - S i . 7 . o j s  - 1 1 1 .  . 0 J 2 l o b . /
0 .0 0112 . 4  13 J  4 .  / 1 . 4 / 1 1 C r • u . O 4 L  - 1 2 4 . J  . b o b  1 b o
O . 2 o l i Z .  J 0 7 2 s .  o 1 . 5 1 4 - 1 1 0 . 5 . 0 4 0  — U S .  . 0 7 2  I b i .
























































































































































IF ig u re  5 * 6 .3
F ig u re
Pop t r a c e :  Gain re s p o n s e , v e r t i c a l  s c a le  1 dB/Div. 
R e feren ce  a t  c e n t e r  l i n e  i s  15 dB.
Bottom  t r a c e :  Input re tu rn  l o s s ,  v e r t i c a l  s c a le  10 dB/Div. 
R e feren ce  a t  c e n t e r  l i n e  i s  0  dB.
H o r iz o n ta l  s c a le  : 60 MHz / D iv.
L e f t  edge i s  7 .7  GHz, r i g h t  edge i s  8 .3  GHz.
The g a in  and Input r e tu rn  lo s s  o f  Module 4 .
V e r t i c a l  s c a le  : 10 d B / D iv .,th e  c e n t e r  l i n e  r e p r e s e n t s  0  db 
r e f e r e n c e .
H o r iz o n ta l  s c a le  i s  th e  same s c a l e  as  in  F ig u re  5 . 6 . 3 .
5 . 6 . 4  The output r e tu rn  lo s s  o f  th e  Module 4 .
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IT a b le  5 .6 . ; }  The l i n e a r i t y  measurement r e s u l t s  o f  the module 4 
FREQ (GHz > = 7.7 GAIN (dB ) = 14.72
INPUT OUTPUT Del-Gain Del-Phase
(dBm ) (dBm) <dB) < dqrees)
14.00 28. 72 0.00 0. OO
15. 00 29. 74 . 02 .36
16. OO 30. 78 . 06 . 72
17. OO 31.83 . 1 1 1.20
18.00 32. 83 . 1 1 1.62
19.00 33. 76 . 04 1.72
20. OO 34.60 12 1.82
21.00 35. 35 -.37 2.22
22. OO 35. 95 -. 77 5. OO
23. OO 36.41 -1.31 11.58
24. OO 36.60 -2. 12 22. 20
FREQ (GH N II CO GAIN (d& >0nII
INPUT OUTPUT Del—Gai n Del—Phase
(dBm) (dBm ) <dB) (dqrees)
14.00 27. 61 0.00 O . OO
15.00 28.63 .02 .24
16. OO 29.66 . 05 .62
17.00 30. 68 .07 . 98
18. OO 31.67 .06 1.40
19.00 32. 67 . 06 1.88
20. OO 33 .56 -.05 2.22
21.00 34.37 -. 24 2.54
22.00 34.98 — . 63 2.68
23.00 35. 47 -1. 14 2.90
24.00 35.95 -1.66 3. 46
FREQ (GHz) = 8. 3 GAIN (dB > = 15
INPUT OUTPUT Del-Gai n Del-Phase
(dBm) (dBm) (dB) (dqrees)
14. OO 29. 42 0.00 0. OO
15.00 30. 42 0.00 . 32
16. OO 31.44 .02 . 74
17.00 32. 43 .Ol 1.32
18.00 33. 38 -.04 1.78
19.00 34. 22 -. 20 2.20
20.00 34.92 -. 50 2.30
21.00 35. 45 -.97 2. 63
22. OO 35. 86 -1.56 3. 58
23.00 36. 20 -2.22 5.24
24. OO 36. 43 -2.99 7. 18
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I5 .7  Module 5
r ig u r e  5 ./ .1  i a  th e  b a lan ce d  a m p l i f i e r ( 7 ) - ( l l ) ,  u s in g  two FLK7785-8C 
i n t e r n a l l y  matched power d e v ic e s .
RF monitor OdBm
42  d as
F ig u re  5 * 7 .1  Module 5 balanced a m p lif ie r
Module 5 consists of two 3-dB quadrature couplers, one 40 dB 
coupler for monitoring the output of the amplifier and the other 
40 dB coupler in conjunction with detector diode as an important 
element for Automatic Level Control ( ALC ) circuit.
5 . 7 . 1  3-dB Quadrature coupler
A design of 3~dB branch line coupler is well-known(12).
In order to achieve a good perf ormance f or this kind of coupler,
using the following method of the author which has been found very useful.
As shown in Figure 5.7.1.1. By solving the two Eqna. (5.7.1.1) 
and (5.7.1.2):
'TV H - 4D =
7 T R + 4D-—
~2—
A w
( 5 . 7 . 1 . 1 )
(5.7.1.2)
1 6 9
) /  2
Arm 4
H —  ( + R2
=  ( * 3  +  H4 ) / 2
W^ =  H  ~ R2
Wl =  «4 -  *3
f ig u r e  5 . 7 . 1 . 1  3-dB branch  l i n e  co u p le r
F ig u re  5 . 7 . 1 . 2  3-dJB branch l i n e  c o u p le r  a f t e r  o p tim iz a tio n
VJU
Y ie ld
R :  0 .0 8 7 7  in c h  
D : 0 .0 0 1 0  in c h
V/here^^Q i s  th e  w avelength  o f  th e  50 ohms l i n e ,  which i s  o b ta in ed
from  COitPACT a s  eq u a l t o  0 .5 4 5  in c h  on L u ro id  s u b s t r a t e  w ith  
0.025 in c h  th ic k n e s s  h av in g  a r e l a t i v e  d i e l e c t r i c  c o n s ta n t  
o f  1 0 .2 .
R i s  th e  ra d iu s  o f  th e  c i r c l e  w ith  c irc u m fe re n c e  e q u a l to  
th e  sum o f th e  h a lf-w a v e le n g th  o f  th e  50 ohms l in e  ( /  2 )
and th e  h a lf-w a v e le n g tn  o f  th e  5 5 .3 5  ohms l in e  ( X *c  / 2 ) .
jj •
AD i s  th e  d i f f e r e n c e  betw een th e  two h a lf -w a v e le n g th s .
See F ig u re  5 . 7 . 1 . 1 .
The o p tim iz a t io n  i s  done by o n ly  one i t e r a t i o n  u s in g  G o la e n -r a t io ( 1 5 )  
se a rch  on th e  3 5 .3 5  ohms m ic r o s t r ip  l i n e  segm ents, a t  frea .u en cy  
equ al t o  8 .1  GHz, w hich i s  12 .5%  h ig h e r  th an  c e n t e r  
freq u en cy  o f  th e  band o f i n t e r e s t  ( 7 . 7 - 8 .5  GHz ) .
By a p p ly in g  th e  "  Golden S e c t io n  Rule " , a s  shown in  F ig u re  5 . 7 . 1 . 2 ,  
th e  3 5 .3 5  ohms m ic r o s t r ip  l i n e  segm ents a re  moved outw ards from  
th e  o r ig in a l  p o s i t io n  , shown i n  d a s h - l in e  o f  F ig u re  5 . 7 . 1 . 2 ,  by 
0 .0 0 4  in c h , which i s  c a lc u la te d  a s  fo llo w s :
i s  th e  w avelength  o f  th e  3 5 .3 5  ohms l in e
The s h i f t  in  p o s i t io n
where i s  th e  w id th  o f  3 5 .3 5  ohms m ic r o s t r ip  l i n e .
i s  th e  w id th  o f  50 ohms m ic r o s t r ip  l i n e .
0 .3 8 2  i s  th e  c o r r e c t io n  o b ta in e d  from G o ld e n -s e c t io n  r u le
The perform ance o f  3 -d B  c o u p le r  a f t e r  o p tim iz a t io n , in c lu d in g  b ia s in g  
network a re  shown i n  F ig u re s  5 « 7 .1 .3  to  5 * 7 .1 .5 »
F ig u re  5 .7 * 1 .5  Amplitude and in p u t r e tu r n  lo s s  between 
arm 1 and arm 3*
Top t r a c e i  Amplitude re sp o n se :
V e r t ic a l  s c a le  i 1 d £ /M v , O to p  re f e re n c e  i s  0  dB. 
Bottom t r a c e :  Input re tu r n  lo s s  re sp o n se :
V e r t ic a l  s c a le «  10  d B / d v .  O c e n te r  re fe re n c e  i s  0  dB 
H o rizo n ta l s c a le  f o r  both t r a c e s :  60  MHz /D iv .
L e ft edge i s  7*7  GHz, r i g h t  edge i s  8 .3  GHz
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F ig u re  5 . 7 . 1 . 4  Amplitude and input re tu r n  lo s s  resp o n se  between 
arm 1 and arm 4•
Top T race  : Am plitude resp o n se*
V e r tic a l  s c a l e :  1 dB/ D iv. O to p  r e f e re n c e  i s  0  dB. 
Bottom t r a c e :  Input re tu rn  lo s s  re sp o n se :
V e r t ic a l  s c a l e :  10  dB/ Dir. O c e n t e r  re fe re n c e  i s  0  dB 
H o rizo n tal s c a le  f o r  both t r a c e s :  60 MHz /  L i v .
L e ft edge i s  7 .7  GHz, r i g h t  edge i s  8 .3  (H z.
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IF ig u re  5 . 7 . I . 5 .  I s o l a t io n  betw een arm 1 and arm 2 .
V e r t i c a l  s c a l e :  10 d B /D iv . O c e n te r  re fe re n c e  i s  0  dB.
H o rizo n ta l s c a le  : 6 0  MHz /D iv .
L e ft edge i s  7 . 7  QHft, r ig h t  edge i s  0 .3  GHz.
17 4
From F ig u re s  5 . 7 . 1 . 3  and 5 .7 .1 .4 «  i t  i s  noted  th a t  th e  3-dB c o u p le r  
from  arm 1 to  arm 3 i s  - 3 * 0  dB, w n ile  from  arm 1 to  arm 4  i s  - 3 . 6  dB. 
The in p u t re tu r n  l o s s  i s  20 dB.
F ig u re  5 . 7 . 1 . 5  shows th a t  th e  i s o l a t i o n  between arm 1 and arm 2 
i s  minimum 16 dB.
5 .7 .2  The p erfo rm an ce o f  module 5
F ig u re  5 * 7 .2 .2  and F ig u re  5 . 7 . 2 . 3  show th e  am plitude re sp o n se  o f  th e  
in d iv id u a l power d e v ic e s  FL M 7785-8C (N o.l) and FLM 7785-8C (N o.2) r e s p e c t iv e ly »  
th ey  were t e s te d  s e p a r a te ly  w ith  s p e c ia l  t e s t  f i x t u r e  b e fo r e  b e in g  i n s t a l l e d  
in  th e  hou sing  o f  th e  module 5»
lo s s  o f  th e  b a la n ce d  a m p li f ie r  o f  module 5 w ith  FLM7785—8 G (N o .l) and 
FLM 7785-8C(N o.2) i n s t a l l e d .  I t  i s  i n t e r e s t i n g  to  noted  th a t  th e  t o t a l  
c i r c u i t  lo s s  i s  o n ly  0 .8  dB o v er th e  2 .8  in c h  le n g th  o f  module 5 , 
in c lu d in g  fo u r  DC b lo c k  c a p a c i to r s  and two 4 0  dB c o u p le r s  f o r  sam p ling  
th e  RF s ig n a l .
F ig u re  5 . 7 . 2 . 1  i s  th e  p h y s ic a l  c o n f ig u r a t io n  o f  module 5
F ig u re  5 . 7 . 2 . 4  i s  th e  am p litu d e resp o n se  and in p u t r e tu rn
T a b le  5 . 7 . 2 . 1  i s  th e  d e l t a - g a in  and d e lta -p h a s e  measurement
r e s u l t s .
HF In p u t
RF M onitor
RF O itput
F ig u r e  5 . 7 . 2 . 1  C o n fig u ra t io n  o f  module 5
F ig u re  5 . 7 . 2 . 2  Amplitude resp on se o f s in g le  d ev ice  FLM7785-8C n o .l  
V e r t ic a l  s c a l e :  1 dfi/H iv. R eferen ce O c e n t e r  l in e  i s  7 .2  dB. 
H o rizo n ta l s c a l e :  60 fK z /D iv . form 7 .7  t o  8 .3  GHz.
F ig u re  3 . 7 . 2 . 3  Amplitude response o f s in g le  d ev ice  FLH7783-0O n o .2
V e r t ic a l  s c a l e :  1 d fi/D iv . R eferan ce O 7 .4  d i of c e n te r  l i n e .  
H o rizo n tal s c a l e :  th e  same as  F i g u r e 5 « 7 .2 .2 .
IF ig u re  5 .7 .2 .4  The am plitude and in p u t re tu rn  lo s a  resp on se of Module^
Top t r a c e :  Amplitude re s p o n s e :
V e r t ic a l  s c a l e :  1 dB/Div. a t  6 .4  dLB a t  c e n t e r  l i n e .
Bottom t r a c e :  Input r e tu r n  l o s s  resp o n se :
V e r t ic a l  s c a l e :  10  d B /D iv . re fe re n c e  l i n e  a t  c e n te r  i s  0  dB. 
H o rizo n tal s c a le  f o r  b oth  t r a c e s  : 60 M z /D iv . form 7 .7  t o  8 .3  GHz
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ITable 5.7.2.1 The deIta-gain and delta-phase measurement results of Module 5
MODS 13:02: 40
FREQ (GHz ) = 7 .7 GAIN (dBm) = 6. 18
INPUT OUTPUT Del-Gai n Del-Phase Igs Vgs Ids Vds
(dBm) (dBm) (dB) (dgrees) (ua) (mv) (ma ) (V)
27.00 33. 18 0.00 0. OO -500.OO -1215.00 -1818.00 9.46
28. OO 34. 16 -.02 -. 24 -500.OO -1215.00 -1822.00 9. 46
29.00 35. 12 -.06 -. 06 -520.00 -1210.00 -1826.00 9. 45
30. OO 36. 05 -.13 . 06 -525.OO -1210.00 -1830.OO 9. 45
31 . OO 36.98 -.20 . 38 -545.00 -1205.00 — 1840.OO 9.44
32.00 37.89 -. 29 .80 -550.OO -1196.OO -1850.00 9. 42
33.00 38.71 -.47 1.04 -575.OO -1190.00 -1870.OO 9. 40
34.00 39. 44 -. 74 1.38 -620.00 -1180.OO -1900.OO 9. 38
35.00 40.04 -1.14 1.78 -645.00 -1175.00 -1966.OO 9.37
36. OO 40. 64 -1.54 2. 24 -670.00 -1 170.00 -2060.OO 9. 38
37.00 41.17 -2.01 2.30 -720.00 -1157.OO -2168.00 9.37
FREQ (GHz ) = 8 GAIN (dBm) = 7. 99
INPUT OUTPUT Del—Gai n Del—Phase Igs Vgs Ids Vds
(dBm) (dBm) (dB) (dgrees) (ua) (mv) (ma ) (V)
27.00 34.99 0.00 O. OO —525•OO -1210.OO -1874.00 9. 46
28. OO 35. 95 -.04 -. IO -550.00 -1205.00 -1904.00 9. 45
29.00 36. 89 -. IO . 04 -575.00 -1199.OO -1954.00 9. 44
30.00 37.69 -. 30 . 16 -625.00 -1189.OO -2010.00 9. 44
31. OO 38. 43 -. 56 . IO -705.00 -1171.00 -2060.00 9. 42
32.00 39.08 -.91 . 04 -815.00 -1148.00 -2108.OO 9.41
33. 00 39.69 -1.30 -. 20 -lOOO.OO -1107.00 -2174.00 9.40
34.00 40. 23 -1.76 -.68 -1200.00 -1066.00 -2228.00 9.38
35.00 40.63 -2.36 -. 44 -820.00 -1142.OO -2092.00 9.39
36.00 41.02 -2.97 -. 62 —355•OO -1231.OO -1970.00 9.39
37. OO 41.35 -3.64 -1.10 25.00 -1300.OO -1916.00 9.38
FREQ (GHz) = 8. 3 GAIN (dBm) = 7. 33
INPUT OUTPUT Del-Gain Del—Phase Igs Vgs IdB Vds
(dBm) (dBm) (dB) (dgrees) (ua) (mv) (ma) (V)
27.00 34.33 0.00 O. OO -525.00 -1213.OO -1830.00 9. 46
28. OO 35.32 -.Ol -. 14 -525.00 -1210.OO -1838.00 9. 45
29.00 36.28 -.05 .02 -525.00 -1210.00 -1850.OO 9. 45
30. OO 37.27 -.06 . 32 -550.00 -1205.00 -1868.00 9.44
31.00 38.20 -. 13 . 62 -570.00 -1 199.00 -1898.00 9.43
32. OO 39.09 -.24 • 66 -600.00 -1190.OO -1948.00 9.42
33.00 39.89 -. 44 . 38 -650.00 -1176.OO -2008.00 9.40
34.00 40.55 -.78 — • 56 -735.00 -1156.00 -2078.00 9. 38
35 • OO 41.02 -1.31 -1.90 -870.00 -1129.00 -2164.00 9.37
36. OO 41.35 -1.98 -2. 74 -1065.00 -1092.00 -2288.00 9.37
37. OO 41.60 -2. 73 -2. 04 -585.OO -1185.00 -2224.00 9. 38
1 7 6
5 . 7 . 3  ALC C ir c u it
The ALC i s  a  fe ed b ack  loop  th a t  sam ples th e  RF s ig n a l  v ia  
40  dB co u p le r  and a d ju s t s  th e  DC b ia s  c u rre n t f o r  th e  Module 2 
PIN d iod e a t te n u a t io n  th u s m a in ta in in g  th e  ou tpu t power a t  a  c o n s ta n t  
l e v e l .  A square law d e t e c to r  d iode in  tn e  a m p l i f ie r  output module 
produces a v o lta g e  w hich i s  p ro p o rtio n a l t o  th e  RF output power.
T h is  v o lta g e .th r o u g h  a  c o n t r o l  c i r c u i t  a s  shown i n  F ig u re  5 .7 .3 .1 »  
i s  fe d  back to  th e  PIN a t te n u a to r ,  th u s i f  th e  o u tp u t power te n d s  to  
ch an ge , th e  a t te n u a to r  b ia s  c u rre n t i s  a d ju ste d  t o  c o u n te ra c t  th a t  
ch an ge . In  o rd e r  t o  m inim ize th e  range req u irem en t o f  th e  ALC c i r c u i t ,  
aa  open lo o p  te m p e ra tu re  com pensation c i r c u i t  i s  provid ed  by a 
n e g a tiv e  tem p eratu re  c o e f f i c i e n t  th e rm is to r  w hich c o u n te r a c ts  
th e  g a in  changes a s s o c ia te d  w ith  therm al c h a r a c t e r i s t i c s  o f  th e  









\, PIN of Module 2
F ig u re  5 . 7 . 3 . 1  ALC c o n f ig u r a t io n .
1 7 9
M ic r o s tr ip  co u p le r  was b u i l t  up by two ed g e-co u p led  m ic r o s tr ip  
l i n e s  w ith  th e  e l e c t r i c  le n g th  L - / 4 a t  th e  midband freq u en cy  ( 1 4 ) -  ( 1 6 ) .  
The c o u p lin g  v alu e  C i n  dB i s  g iv e n  a s
5 .7 .4  40 dB cou p ler
C ( dB ) = 2 0  lo g  ( - i — ) ( 5 . 7 . 4 . 1 )
where K i s  th e  c o u p lin g  f a c t o r .
The even and odd mode l i n e  im pedances a r e :
1 ♦ K
Z — Zoe o 1 -  K
( 5 . 7 . 4 . 2 )
Z — z  / zoo o ' oe
m = J J ,
L = \  I  4
where ZQ : th e  c h a r a c t e r i s t i c  impedance o f  th e  system  
^ o e : th e  even mode w av elen gth  
th e  odd mode w av elen gth
: th e  g e o m e tric  mean o f  th e  even and odd mode w avelengths
T a b le  5 . 7 . 4 . 1  and T a b le  5 . 7 . 4 . 2  show th e  Compact d a ta  f i l e  o f 
o p tim iz a tio n  o f  40  dB c o u p le r  and a n a l y s i s  r e s u l t s ,  r e s p e c t iv e l y .
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CPL AA MS 24 -136.957 137 10.2 25
RES BB SE 50
CON AA T4 1 2 3 4
CON BB T2 3 O
CON BB T2 4 O
DEF CC T2 1 2 2
PRI CC SI 50
END
7000 9000 500 
END 
. OOl
O O 1 -40 
END
T a b le  5 * 7 - 4 -1  COMPACT d ata  f i l e  f o r  o p tim iz a tio n  o f  40  dB co u p le r
POLAR S-PARAMETERS IN 50.0 OHM SYSTEM
FREQ. SI 1
<MAGN<ANGL)
S21 S12 S22 
( MAGN<ANGL> < MAGN<ANGL) (MAGN<ANGL)
S21
DB
7000.00 • 01< io .OK 10.3 .0104 10.3 .OK lO -40.05
7500.00 .OK 5 .OK 4.7 .010< 4.6 .OK 5 -39.94
8000.OO .OK -1 .OK -1.0 .oio< -1.0 .OK -1 -39.91
8500.OO .OK -7 . OK -6.7 .0104 -6.7 .OK -7 -39.97
9000.OO .OK - 1 2 . OK -12.4 .0104 -12.4 .OK - 1 2 -40.12
T a b le  5 . 7 . 4 . 2  COMPACT a n a ly s i s  r e s u l t s  o f  4 0  dB co u p le r
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5 .8  The perform ance o f a com p lete  a m p li f ie r
5 . 8 . 1  Frequency resp on se
The a m p li f ie r  was e v a lu te d  ov er a wide am bient te m p era tu re  range 
from  -1 0 °C  to  50°C under fo r c e d  a i r  c o o lin g  c o n d i t io n . F ig u re  5 - 8 .1  shows 
th e  output power v e rsu s  fre q u e n c y  a t  th r e e  te m p e ra tu re s , -1 0 ° C , ¿1°C and 50°C .
F ig u re  5 .8 .1  Output pow er v e rsu s  fr e q u e n c y :
Top t r a c e  : At -1 0 ° C  
C e n te r t r a c e  : At 27°C  
Bottom  t r a c e  : At 50°C
V e r t ic a l  s c a l e :  ld B / D iv . C e n te r  l in e  i s  c a l ib r a t e d  to  4 0  dBa 
H o riz o n ta l s c a le  : 6 0  MHz/Div., from 7 .7  t o  8 .3  GHz
The v a r ia t io n  in  ou tp u t power o v e r  th e  te m p e ra tu re  range was 1 .8  dB 
maximum a t  ra te d  o u tp u t power.
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5 » 8 .2  CXitput Power v e rsu s  Input Power and AJVAM and AiVPM c o n v e rs io n  
C h a r a c t e r is t i c s
U sing au to m atic  measurement te ch n iq u e  developed in  C h a p te r  2 , 
a  P^n v e rsu s  Pqu. , d e l ta -g a in  and d e lta -p h a s e  measurement r e s u l t s
a re  shown in  T ab el 5 * 8 . and F ig u r e s  5 . 8 . 2 . 1  to  5 .8 . ¿ .5 «
i
F ig u re  5«8 . 2 . 1  : Output Power v e rsu s  Inpu t power o f  th e  SS  PA
F ig u re  5«8 . 2 . 2  : D e lta -g a in  v e rsu s  Inpu t power o f th e  SSPA
F ig u re  5 . 8 . 2 . 3  : D e lta -g a in  v e rsu s  Output power o f  th e  SSPA
F ig u re  5 * 8 .2 .4  : D e lta -p h a se  v e rsu s Inpu t power o f  th e  SSPA
F ig u re  5 . 8 . 2 . 5  : D e lta -P h a se  v ersu s Output power o f  th e  SSPA
Photograph 5 * 8 .1 : Module 1
P hotograph 5 .8 .2 : Module 2 and Module 3
P hotograph 5 * 0 .3 : Module 4
Photograph 5 .8 * 4 : Module 5
Fnotograpn 5 * 8 .5 : The P ro to ty p e  8 GHz,10 V SSPA w ith  t h e  hou sing
co v e r rem oved.
At 40 dBm output power level with AI£ circuit in the "OFF" position, 
the corresponding input power level is -12 dBm at 8 GHz, the AJ^AM conversion 
factor, defined as APout/aPin, is calculated from the slope at -12 dBm,
1.23-0.48
2 = 0.375 dB/dB
The J M / m  conversion factor, defined as <3 Phase ¡A Pin, is calculated 
from the slope at -12 dBm in Figure5.8.2.4,i.e.
5.98-2.30
----=---- =  0.84 /dB
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raore p ,o.^  Tne measurement result5 of the b-GHz, 10 watt SS PA
FREQ (GHz) 7.7 GAIN (dBm) = 50.82
INPUT OUTPUT Del-Gain Del-Phase
(dBm) (dBm) (dB> (dgr e e s )
-15.OO 35.82 0.00 O . OO
-14.00 36. 69 -.13 . 66
-13.00 37.55 -.27 1.74
-12.00 38.37 -. 45 2. 46
-11.00 39.05 -. 77 2. 72
-IO.OO 39. 76 -1.06 2.50
-9 . 0 0 40.29 -1.53 2. 40
-8.00 40. 72 -2. 10 2. 40
-7. OO 41.06 -2.76 2. 48
-6.00 41.28 -3.54 2.16
-5. OO 41.45 -4. 37 1.32
-4.00 41.49 -5.33 1.16
-3. OO 41.61 -6.21 . 12
-2.00 41.65 -7. 17 -.62
FREQ (GH CDIIN GAIN (dBm) = 52.79
INPUT OUTPUT Del—Gai n Del—Phase
(dBm) (dBm) (dB> ( dgrees)
-15.OO 37. 79 0. 00 0. OO
-14.00 38. 58 -. 21 . 96
-13.00 39.31 -.48 2.30
-12.00 39.97 -.82 3.34
-11.00 40.56 -1.23 3.98
-10.00 41.05 -1.74 5.50
-9.00 41.49 —2.30 6.72
-8.00 41.79 -3. OO 7.92
-7.00 42.01 -3. 78 10. 68
-6. OO 42. 15 -4.64 14.00
-5. OO 42.26 -5.53 17.52
-4.00 42. 34 —6.45 21.24
-3. OO 42.45 -7.34 24.20
-2.00 42.64 -8. 15 26. 62
FREQ (GHz) = 8. 3 GAIN (dBm) = 52.5
INPUT OUTPUT Del-Gain Del-Phase
(dBm) (dBm) (dB) (dgrees)
-15.00 37.56 p. OO O. OO
-14.00 38.44 -. 12 . 18
-13.00 39. 22 -. 34 ~ . 22
-12.00 39. 85 -.71 -1.40
-11.00 40. 30 -1.26 -2. 74
-10.00 40.63 -1.93 -4.14
-9. OO 40.93 2 • 6u* -5.26
-8.00 41.14 -3. 42 -6.06
-7. OO 41.35 -4.21 -6.38
-6.00 41.58 -4.98 -5.20
-5.00 41.74 -5. 82 -2. 70
-4.00 41.84 -6. 72 -.16
-3. OO 41.91 — 7.65 2. 16
-2. OO 42.03 —8.53 4.08
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IF igu re  5 .S .2 .4 D elta-Phase versus Input Power o f  the SS PA
to in m (vj—ta in œ m d  in d  w —• a cn ao iv œ in rrn cu—(a— rvj n v in io 1C\l (\ JCVJ(\ JOJC\ JCViCVI— I I I I I I I













IFigure 5 .8 .2 .5  Delta-Phase versus Output Power o f  the SSPA
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R io tograp h  % ù . l  Module 1
Photograph Module d and Module }
DO
Photograph 5 . t í . 5 Module 4







I5 .8 .3  T h ird -O rd er In te rm o d u la t io n  D is to r t io n
T h ird -o rd e r  in te rm o d u la tio n  d is t o r t i o n  IMD  ^ o f th e  a m p lif ie r  i s  
measured u sin g  th e  method d e s c r ib e d  by H e i t e r ( l 7 ) .  Two s in g le  f r e q u e n c ie s  
w ith  10  MHz a p a r t ,  f^ =  7 .9 9 0  GHz and f  =  8 .0 0 0  GHz, a re  ap p lied  to  th e
in p u t and the a m p li f ie r  o u tp u t i s  observed  on an a n a ly s e r .  F ig u re  3 .8 .1  
shows a ty p ic a l  measurement s e t  up . F requ ency  spectrum s o f th e  a m p li f ie r  
w ith output power l e v e l s :  3 7 .1 8 ,3 8 .0 7 ,3 8 .7 0 ,3 9 .3 0 ,3 9 .7 9  and 4 0 .¿ 2  d3m 
a t  freq u en cy  o f  7 .9 9 0  GHz a r e  shown i n  F ig u r e s  5 . 8 . 3 . 2  t o  5 . 8 . 3 . 7 .
i ---------------- -
, f 2 :8 .0 0 0 GHZ
F ig u re  5 .8 .1  T h ird -O rd e r  In te rm o d u la tio n  D is to r t io n  
Two Tone Measurement S e t  Up.
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IF ig u re  5 - «1-4 Two to n e  in te rm o d u la tio n  p ro d u cts  a t Pout
( f l )
F ig u re  5 Two to n e in te rm o d u la tio n  p ro d u cts  a t  Pout
— 5 8 *7 0  dBm
I







F ig u re  5 . 8 . 3 . 0  The th ir d  o rd e r  in te rm o d u la tio n  in te r c e p t  p o in t
The r a t i o  o f  th e  two (e q u a l)  c a r r i e r  l e v e l s  t o  th e  l e v e l  o f th e  t h i r d  o rd er 
in te rm o d u la tio n  p ro d u cts  in  ex p resse d  i n  d B c . The measurement r e s u l t s  a re  
shown in  F ig u re  5 . 8 . 3 . 8 .  The e x tr a p o la te d  t h i r d  o rd er in te rm o d u la tio n  in te r c e p t  
i s  4 8 .3  dBm.
1 9 7
5 .9  COilPAHISON OP PERFORMANCE BETWEEN SSPA AND TWTA
The P roto typ e 8 GHz, 10 W att ESEA was t e s t e d  by A l le y n e ( lS )  o f  
N orthern Telecom , i n  a  RD-3 Bay l in e - u p  a t  ch a n n e l A4 ' ( f c=  8 1 7 3 .1 5  KHz 
The t e s t  r e s u l t s  a re  on th e  fo llo w in g  p ages o f  t h i s  S e c t io n .
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I5 .9 .1  tr a n sm it ter  am plitude r e sp o n se  t e s t
F ig u re  5« 9 .1 .1  I . F .  Am plitude Response f o r  SSPA
F ig u re  5 . 9 . 1 . 2  I . F .  Am plitude Response f o r  TWT 
V e r t ic a l  S c a l e :  0 .7  dB / D iv .
H o r iz o n ta l S c a le  : The Peak to  **** Amplitude R ip p le  
Betw een 115  und 165 MHz é  0 .4  dB
1 9 9
I5 .9 .2  HOP I . F .  TO I . F .  AMPLITUDE RESPONSE AND GROUP DELAY TESTS 
AT 40 dBm OUTPUT PCWER LEVEL
Top Curve : Amplitude Response
V e r t ic a l  S c a le  : 1 dB / L iv .
H o r iz o n ta l S c a le  : 2 .0  ttiz  / D iv
( From 150 t o  150 MHz)
R equ irem ent : The Amplitude S lo p e  Betw een 130 and 150  MHz <  ± .5  dB 
The Amplitude R ip p le  0 .  1 dB Peak t o  Peak
Bottom  Curve : Group Delay-
V e r t ic a l  S c a le  : 1 0  ns / D iv .
H o riz o n ta l S c a le  t D it to
R equ irem ent t The Group D elay R ip p le  Betw een 130 and 150 MHz ^  10 ns 
r ta k  t o  Peak
F ig u re  5 . 9 . 2 . 1  Hop I . F .  t o  I . F  Am plitude Responee and Group Delay 
Response f o r  SSPA.
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F ig u re
Top C u rv e : Amplitude Reaponae
V e r t ic a l  S c a le  : 1 dB / D iv .
H o r iz o n ta l S c a le  : 2 . 0  Miz / D iv
( From 130 t o  150  MHz)
R equirem ent : The Amplitude S lo p e  Between 130  and 150  MHz <  £  .5  
The Am plitude R ip p le  0 .  1 dB Peak t o  Peak
Bottom  C u rv e: Group Belay-
V e r t ic a l  S c a le  : 10  na / D iv .
H o r iz o n ta l S c a le  : D it to
R equirem ent : The Croup B elay  R ip p le  Betw een 130 and 150 MHz ^  10 na 
Beak t o  Beak
5 .9 < 2 .2  Hop I , F  to  I . F .  Amplitude Reaponae and Croup Delay 
Reaponae f o r  TVT
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At 40  dBm Lutput Power L e v e l :
S S PA : Approx. 1 .0  X 10~ 52  
TWT :  Approx. 1 . 0  X 10- 2 5
At 4 2  dBm Out ju t  Power L e v e l :  (SSRA S a tu ra te d  a t  4 2  dBm) 
SS PA : Approx. 1 . 0  X 10- 5 2  
TWT : Approx. 2 .2  X 1 0 - 2 1
At 57 dBm Output Power L e v e l  :
SSPA : 7 X 1 0 " 28
TWT i 6 X 10~25
F ig u re  5 « 9 * 5*1  and F ig u re  5 . 9 . 5 . 2  ahow r e s id u a l  BER f o r  th e  
S o l id  S t a t e  P .A . (SSPA) and th e  TVT P .A . r e s p e c t i v e l y .
5.9.5 RESIDUAI. B IT ERROR KATr, (  BER )
2C 2
5 . 9 . 3  RESIDUAL BIT ERROR HATr, ( BLR )
At 4 0  dBm w itput Power L ev el :
SSPA : Approx. 1 . 0  X 10 ^2
TVT : Approx. 1 . 0  X 10- 2 ^
At 4 2  dBm Output Power L ev el : (SSPA S a tu ra te d  a t  42 dBm)
-3 2SSPA : Approx. 1 . 0  X 10 J 
TWT : Approx. 2 . 2  X 10 2^
At 37 dBm (Aitput Power L ev el :
SSPA : 7 X 1O- 2 0
TWT : 6 X 10- 2 5
F ig u re  5 . 9 . 3 . 1  and F ig u re  5 . 9 . 3 . 2  ahow r e s id u a l  BER f o r  th e  




C o n tin o u a ly  a d ju s ta b le  from  22 dBm t o  42 dBm 
nom inal 40  dBm.
SMALL SIGNAL GAIN
SSPA: Maximum S m all S ig n a l Gain : $¿.8 dB 
TWT : 4 3 .4  dB 
AM C QrtFRESSIGN 
SSPA : 2 .2  dB 
TWT s 26  dB 
NOISE FIGURE 
SSPA: 7 .6  dB 
TWT : 24 dB 
SPURIOUS TONES
None ob served  o v e r  a band o f 0 .0 1  to  18 GHz 
HARMONICS
W ithout LPF ( low p ass f i l t e r  ) : 36 dBc 
RETURN LOSS:
In p u t R etu rn  L oss
SSPA: 20  dB 
TWT : 15 dB
Output R etu rn  Loss
SSPA: 2 0  dB
TWT : 10 dB
205
PCWKrt DISSIPATION5 .9 .1 1  D .C .
V.D.C. - 10. OV , l.D.C. = 6.5 Amps 
Power dissipated = 65 watts
5 .9 .1 ^  OUTrUT rtuNITQK LcTVKL
For nominal output power ♦ 1.3dBM
Comments: No attempt was made to perform the R.F. leakage test, since the prototype model was not properly sealed.
Conclusion: A careful analysis of the test results showed that the solid state P.A. out performed the T.W.T..P.A. This was clearly demonstrated in the residual BER test where one saw that at nominal output level, the BER for the Solid State P.A. was much better than that of the T.W.T. P.A. Further, for a 3dB increase in output level the solid state P.A. ; showed no de­gradation. Only for a 3dB decrease in output level did the T.W.T. P.A. BER showed no degradation. On the strength of the results that were obtained the solid state P.A. showed that it would be more than a suitable replacement for the T.W.T. P.A.
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ICHAPTER 6 THERMAL STUDY OR A HIGH POWER AMPLIFIER
Many s o l id  s t a t e  RF d e s ig n s  were done in  th e  p ast w ith  l i t t l e  
co n c e rn  t o  th e  therm al p r o p e r t ie s .  T h is  may have been a c c e p ta b le  w ith  
y e r t e r d a y 's  low power t r a n s i s t o r s  and a m p l i f ie r s ;  but w ith  to d a y 's  
su p er power GaAs FET t r a n s i s t o r s ,  h igh power a m p l i f ie r s ;  and a keen 
d e s ir e  f o r  th e  u lt im a te  in  r e l i a b i l i t y ,  th e  therm al c o n s id e r a t io n s  o f  
th e  d esig n  must be stu d ied  in  d e t a i l .
6 .1  THERMAL RESISTANCE
The th erm al r e s is t a n c e  betw een two p o in ts  R ^  a  con d u ctiv e  
system  i s  ex p ressed  as
T ,
— °C/WRH12 Pd
where s u b s c r ip t  o rd er i n d i c a t e s  th e  d ir e c t io n  o f h e a t  flo w ,
Pd i s  D .C . power d is s ip a t io n  i n  W att.
A s im p lif ie d  h e a t t r a n s f e r  c i r c u i t  f o r  a cased  sem ico n d u cto r 
and h eat s in k  system  i s  shown in  F ig u re  6>1>1> The c i r c u i t  i s  
v a l id  on ly  i f  th e  system  i s  i n  therm al e q u ilib r iu m  ( c o n s ta n t  h e a t
flo w  ) and th e r e  a r e ,  in d e e d , s in g le  s p e c i f i c  te m p e ra tu re s  T . ,  T
J  c '
and Ta ( no tem p eratu re  d is t r ib u t i o n  in  Ju n c t io n , c a s e  and heat 
s in k  ) .  N e v e r th e le s s , t h i s  i s  a  re a s o n a b le  ap p ro xim atio n  o f  a c tu a l  
p erfo rm an ce.
Heat Input Ju n c t io n  te m p e ra tu re , T .
T >  T >  T >  T J  c  a a
J c
Case te m p e ra tu re , T
Heat s in k  te m p e ra tu re , T
Ambient te m p e ra tu re ,
F ig u re  6 .1 .1  Sem ico n d u cto r-H eat sin k  th e rm a l c i r c u i t
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6 .2  N eg ativ e  H e s is ta n c e  in  th e  GaAa FETs Power D ev ices
The l a t e s t  r e p o r t  on n e g a tiv e  r e s is t a n c e  in  th e  GaAs FETs due to
o f th e  GaAs FET power a m p li f ie r s  ( 2 ) , ( 3 ) .
I t  was found th a t  th e  model su g g ested  by «T illin g  a s  shown in  
F ig u re  6 . 2 . 1  f o r  th e  GaAs FETs i s  n e c e s s a ry  but not s u f f i c i e n t  a s  
one has t o  ig n o re  th e  th erm al e f f e c t  in  th e  power d e v ic e s .
s tr o n g ly  on th e  te m p e ra tu re . A t h e o r e t i c a l  model and a measurement 
te ch n iq u e  have been developed  f o r  d e term in in g  FETs o p e ra t in g  te m p e ra tu re  
and th e rm a l r e s is t a n c e  by H uang,et a l . (  4 ) . ( 5 ) . T h e r e fo r e , i t  i s  found 
very  u s e fu l  to  have r e s is t a n c e  , due to  th e  therm al e f f e c t ,  added t o  th e
FET model i n  a d d it io n  to  Gunn e f f e c t  a s  snown in  F ig u re  6 . 2 . 1 .
S o u rce  G ate D rain
Gunn e f f e c t  ( l )  i s  b e in g  used t o  a n a ly se  and p r e d ic t  th e  perform ance
B ecau se  th e  FETs perform ance and o p e r a t io n a l  l i f e t i m e  depend




The fo llo w in g  i s  th e  t h e o r e t i c a l  a n a ly s is  o f  th e  n e g a tiv e  r e s is ta n c e  
in  th e  GaAs Fc.T power a e v ic e  due to  -th e  th e rm a l e f f e c t ,  which i s  
s im i la r  to  T od d 's  a n a ly s is  f o r  th e  s i l i c o n  FFT a t  very low fre q u e n c y (6 ) 
The d ra in  to  so u rce  v o lta g e  change i s  d e s ig n a te d  a s  AVds and the 
a s s o c ia te d  change in  d ra in  c u rre n t a s ^ I ^ .  T h e re fo re  th e  change in  power 
d is s ip a t io n  i s
* P =  < vds + AVds> < Xd -»A I d> -  Vd s Xd
A P  =  ^ d a  *  Vd sA I d+A I dA V d s ( 6 .2 .1 )
The change i n  in t e r n a l  GaAs F£T te m p e ra tu re  A T :th a t  r e s u l t s  i s  
eq u al to  product o f  A P  and th e  ch an n el to  arab eient th erm al r e s is t a n c e  0  
in  d e g re e s  c e n t ig r a d e  p er w a tt ,
^  * A P (  °  C/watt ^ ( 6 .2 .2 )
Assuming th e  change in  o p e ra t in g  c u r r e n t  i s  e n t i r e l y  due to  
th e  change in  i n t e r n a l  ch an n el tem p eratu re  o f  th e  GaAs FiiT power 
d e v ic e , so  th a t
A  id =/J id A  T (6.2.3)
where j j  i s  th e  f r a c t i o n a l  th erm al c o e f f i c i e n t  o f  th e  d ra in  
c u r r e n t  a s  g iv e n  by
D iv id in g * E q . ( 6 . 2 . 1 )  by A I  :
( 6 .2 .4 )




A I . da
-f ds
From E q n s . ( 6 . 2 . 2 )  and ( 6 .2 .3 )  y i e l d
A  p 
A l d H Q ' *





L,W and d d e s ig n a te  th e  le n g th ,w id th  and th e  th ic k n e s s  o f th e  
c h a n n e l, r e s p e c t iv e ly
N^: th e  donor c o n c e n tr a t io n  in  th e  channel re g io n  
q : th e  ch a rg e  o f  an e le c t r o n
£  : th e  r e l e t i v e  d i e l e c t r i c  c o n s ta n t  o f  GaAs m e te r ia l
u^: th e  m o b i li ty  o f  th e  e le c t r o n  i n  ch an n el
V^a : d r a in  to  so u rce  v o lta g e
V : g a te  to  so u rce  v o lta g e  
K®
1(pm and 4 0 s : th e  work fu n c t io n  o f  th e  m eta l and th e  sem ico n d u cto r
b u i l t - i n  v o lta g e  o f  th e  S c h o ttk y  b a r r i e r
I .  : d r a in  c u rre n t  d
I . . : s a tu r a t io n  d ra in  c u r r e n td sa t
K : B o ltz m a n n 's  c o n s ta n t
I f  th e  d e n s i ty  o f  th e  io n iz e d  d onors rem ain e s s e n t i a l l y  th e  same o v er
a  c e r t a i n  tem p era tu re  range in  n -ty p e  GaAs FET, th e n  th e  p inch  o f f  v o lta g e




( 6 .2 .1 5 )
w hich w i l l  be c o n s ta n t  w ith  te m p e ra tu re ( 7 ) !  how ever, th e  p inch  o f f  c u rre n t  I p IS 
g iv e n  as 2 3Wu q w,d^ n d ( 6 . 2.16  )
w il l  v ary  w ith  tem p era tu re  b eca u se  o f  th e  m o b ili ty  v a r ia t i o n .
From E q a . ( 6 .2 .9 ) -  t o  ( 6 . 2 , 1 2 ) ,  th e  e f f e c t  o f  th e  te m p e ra tu re  on 
e i t h e r  I d o r  I d aat i B m ainly due t o  e le c t r o n  m o b ili ty  unand th e
b u i l t - i n  p o t e n t ia l  o f  th e  S ch o ttk y  b a r r ie r ^ > b .
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IIn  an n -ty p e  sem ico n d u cto r th e  v e l o c i t y  d i s t r ib u t i o n  i s  n e a r ly  
M axw ellian ( 1 0 ) ,  f o r  i s o t r o p ic  s c a t t e r i n g  and c o n s ta n t f r e e  p a th  le n g th , 
th e r e f o r e :
un = q l  ( - )J
KT ( 6 .2 .1 7 )
where 1 :  c o n s ta n t  f r e e  path  le n g th  a t  th erm al e q u il ib r iu m . 
T : te m p e ra tu re
m*: e f f e c t i v e  mass o f  an e le c t r o nn
From E q n s .( 6 . 2 . 1 0 )  and ( 6 . 2 . 1 7 ) , one can see  th a t  b o th  q u a n t i t i e s  
a n d (^  cau se  I d and 1^   ^ to  d e c re a s e  w ith  in c r e a s in g  te m p e ra tu re .
As an exam ple, a  2 . 5  w a tts  GaAs FET power d e v ic e : MSC88010, was 
e v a lu a te d  o v er an am b ien t tem p era tu re  ran ge  from  0 .0 °C  t o  50°G .
By k eep in g  Vd 4 V o l t s ,  th e  d ra in  t o  so u rce  c u r r e n t  I d was m onitored
w h ile  th e  cham ber te m p e ra tu re  T was v a r ie d . T ab le  6 .2 .1  i s  th e  measurement
r e s u l t s  f o r  th r e e  d i f f e r e n t  V s e t t i n g  v a lu e s  ( 0 . 0 , - 0 . 5  and - 1 . 5  V o l t s ) .
SB
a re th e  a v erag e  v a lu e s  and Hth  a re  th e  c a lc u la te d  u s in g  E q . ( 6 . 2 . 8 ) .
V ( V o l t s )  g s  v '
0 .0
- 0 . 5
- 1 . 5
5 i d
Q x
-  5 . 6
-  4 . 4
-  3 .8
( «A/°C ) Rt h  (Ohms)
- 6 . 7
- 10.0
- 1 5 . 0
T a b le  6 . 2 . 1  The N eg ativ e  R e s is ta n c e  due to  Thermal E f f e c t  f o r  th e  M3C88010
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ID .C . c h a r a c t e r i s t i c  measurement r e s u l t s  f o r  th e  MSC88010 a re  shown 
i n  F ig u re  6 . 2 . 3 .  An X -Y  r e c o r d e r  i s  used i n  c o n ju n c tio n  w ith  a b u f f e r  
c i r c u i t  a s  shown in  F ig u r e  6 . 2 . 2 .
F o r  low er power d e v ic e  (M SC88001), any n e g a tiv e  r e s is t a n c e  can  be 
h ard ly  seen  a s  shown in  F ig u re  6 . 2 . 4 .
r - Y '
X
Figure 6.2.2 Buffer circuit of X-Y recorder for manually measuring 










































































I6 .3  Me an-Tim e-Be tw e e n -F a ilu re  o f  Power A m p lifie r
GaAa FET d e v ic e 's  perform ance and o p e ra tio n  depend s tr o n g ly  on 
th e  o p e ra tin g  te m p e ra tu re .
Based on D ata o b ta in ed  t i l l  May, 1982 from F u j i t s u  L im ite d , m e a n - t im e - to - fa i lu r e  
( KTTF ) f o r  th e  FETs fo llo w :
D evice MTTF ( Hrs ) 0  145°C Channel tem p eratu re
FSX51VF 1 . 1 3E7
FSX52VF 1 . 1 3E7
FLC081WF 4 .0 0 E 6
F1C253MH-8 4 .0 0 E 6
FLM7785-4C 3 .8 4 E 6
FLM7785-8C 3 .8 4 E 6
O th e rs :
I s o l a t o r  6 .5 0 E 6
FCB
(Power C o n d itio n e r  Board ) 1 .2 0 E 6  
M isce lla n e o u s  1 .0 0 E 6
A c a l c u l a t io n  f o r  6 '.GHz, 10-W compleded a m p l i f ie r ,  th e  me a n -tim e -b e tw e e n - 
f a i l u r e  ( MTBF ) i s  fo llo w s :
MTBF ~ 1 .1 3 E 7  f 4 .0 0 E 6  + 3 .8 4 E 6  f 6 .5 0 E 6  t  1 .2 e 6 + 1 .0 0 E 6
= 3•9954E -6 
KTBF =  2 5 0 ,0 0 0  Hours
S im ila r ly  c a l c u l a t io n s  a re  o b ta in e d  f o r  d i f f r e n t  te m p e ra tu re s , and 
a  curve f o r  power a m p l i f ie r  t o t a l  MTBF v e rsu s  ju n c t io n  te m p e ra tu re  o f 
th e  h igh  power d ev ice  i s  p lo t te d  i n  F ig u re  6 . 3 . 1 .
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F ig u re  6 . 3.2  i s  th e  c r o s s  s e c t io n  p r o f i l e  o f  th e  SSPA where th e  
h ig h  power d e v ic e  FLM7785-8C was lo c a t e d .
The te m p e ra tu re  was measured on th e  p ro to ty p e  8 GHz, 10 w att SSPA 
i n s t a l l e d  i n  t h e  N orthern  T e le co m 's  HD-3 d i g i t a l  microwave ra d io  b a y .
The room te m p e ra tu re  was 27°C , and tn e  am bient te m p e ra tu re (th e  b a y ) was 
3 7 °C . The t o t a l  DC power d is s ip a t io n  was 65 W, and th e  th erm al r e s i s t a n c e
o f th e  FLM7785~8C d e v ice  was 4°C/W, w ith  V . =  10 V and I ,  =  2 .1  A. Hence,d s ds
th e  te m p e ra tu re  from  th e  c a s e  t o  th e  ju n c t io n  o f  th e  t r a n s i s t o r  r o s e  to  
6 4 °C . Now, w ith  th e  c a s e  tem p eratu re  a t  5 6 ° C th e  a c tu a l  ju n c t io n  te m p e ra tu re  
became 140°C , w hich corresp o n d ed  to  th e  t o t a l  mean tim e between f a i l u r e  
























































IRoots Temp. =  27°C
Figu re  6 . J . 2  Thermal P r o f i l e  f o r  8 -G H z,10 -V  SSPA w ith  DC power 6^-W
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6 .4  Computer program l i s t i n g  f o r  MTB? cu rve p l o t t i n g
IO! PROGRAM NAMEi MTBF: T.C.CHENG 21/03/1984 
20 GINIT






90 Y_gdu_max = 1GO»MAX(1,1/RATIO) !
lOO PRINT "PLOTTER IS EXTERNAL ? ( Y/N ) <N> "
110 INPUT Ans*
120 IF Ans*="Y" THEN GOTO Ext 
130 PLOTTER IS 3,"INTERNAL"
140 FOR I=— .25 TO .25 STEP .1
150 MOVE X_gdu_max/2+I,Y_gdu_max
160 LABEL " P.A. TOTAL M.T.B.F. v.s. POWER TR. JUNCTION TEMP. ”
170 NEXT I
180 GOTO Cent
190 Ex 1 1 PLOTTER IS 705,"HPGL"
200 MOVE X_gdu_max/2+I, Y_gdu_max
210 LABEL " P.A. TOTAL M.T.B.F. v.s. POWER TR. JUNCTION TEMP. “
220 Conts CSIZE 3
230 MOVE X_gdu_max/2,Y_gdu_max*.94





290 LABEL "TOTAL P.A. M.T.B.F. (lOOO HRS) ”
300 LORG 4
310 LDIR O
320 MOVE X_gdu_inax/2, .07IY_gdu_max
330 LABEL "HIGH POWER TR. JUNCTION TEMERATURE < DEGREE C )"
340 VIEWPORT .1*X_gdu_max,.98*X_gdu_max , .15*Y_gdu_max , . 9*Y_gdu_max
350 Xmin=120







430 LINE TYPE 1
440 CLIP OFF
450 FOR Decade=Ymin TO Ymax
460 FOR Uni ts=1 TO 1+8 *(Decade<Ymax>
470 Y=Decade+LGT(Units)
480 MOVE Xmi n ,Y
490 IF Y=>Decade THEN GOTO 520





























































! LABEL THE Y AXIS 
LINE TYPE 1
FOR Y=Ymin TO Ymax STEP Dy*10 
LORG 6 
CSIZE 3










Xt i ck = Xrange*lO 
FOR Xxx=Xmin TO Xmax STEP lO 
MOVE Xxx.Ymin 
DRAW Xxx,Ymin*.995 
MOVE Xxx,Ymax* 1.005 
DRAW Xxx,Ymax 
NEXT Xxx
FOR X = Xmi n TO Xmax STEP 10 











FOR I= 1 TO 9
READ X, Y
PLOT X,L G T (Y
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The RD-3 is Northern Telecom's long haul (6560 KM) digital microwave radio 
system, capable of transmitting and receiving a single bit  stream of 91.04 
Mbit/s r f  channel giving i t  a capacity of 1344 vf  channels. There are 12 r f  
channels operating in the 7.725 GHz to 8.275 GHz common carrier band. This 
digital radio has been in service since 1978 using a 10 watt TWT in the 
transmitter. In order to replace the TWT by a solid state power amplifier 
(SSPA), a prototype of a 10-W 8-GHz SSPA has been developed.
The SSPA is composed of f ive -u n it  amplifier modules. Module 1,3 and 4 
consist of two cascaded amplifiers, each using Fujitsu FSX51WF and FSX52WF, 
FSX52WF and FLC081WF, FLC253MH-3 and FLM7785-4C devices respectively.
Module 5 is a balanced amplifier module using two FLM7785-8C internally 
matched devices. F inally , Module 2 contains a PIN diode attenuator, serving 
as an r f  element for automatic level control (ALC), in the overall amplifier.
TMThe amplifier modules were designed using CAD techniques (Super-Compact ) .  
Module 1,2,3 and 4 were designed as linear amplifiers. Power dividing and 
combining in module 5 were made with 3dB branch-type microstrip couplers 
using Golden-ratio searching optimization technique. I t  is interesting to 
note that the total c i rc u it  loss is only 0.8dB over 2.8 inches of physical 
length of module 5, including four DC block capacitors and two 40dB couplers 
for sampling the rf  signal. Microstrip c irc u its  were fabricated on 25 mil 
thick Duroid substrate having a relative d ie le c tr ic  constant of 10.2.
A constant gate voltage biasing network was adapted and optimized. I t  has 
already been shown, that by using a constant gate voltage biasing c i rc u it ,  
there is a considerable difference to the GaAS FET amplifier as far as 
line arity  is concerned. By using FLM7785-8C device for example, due to the 
rf  signal d r i f t ,  the measured reverse-gate current was less than 0.5 ma in 
the constant gate biasing case, while with constant drain biasing, the current 
can go as high as 2.79 ma. The abundance of gate current in the latter case 
can be very damaging to the device as far as lifetime is concerned.
The SSPA was evaluated over a wide ambient temperature range from -10°C to 
50°C under forced a ir  cooling conditions.
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The variation in the output power over the temperature range was 1.8dB 
maximum at the rated output power level.
The AM to AM conversion ratio was 0.375dB/dB and AM to PM conversion ratio,
o
defined as delta-phase/delta-pin was 0.84 /dB. The third-order intermodulation 
distortion was also measured using the method described by Heiter. This method 
involved the injecting of two equal amplitude signals, 7790MHz and 8000MHz, 
separated in frequency by 10MHz. The extrapolated third-order intermodulation 
turned out to be 49dBm.
The GaAS FET devices overall performance and operational lifetime depend 
strongly on the operating temperature.
The total mean-time-between failure  (MTBF) of the SSPA is  350,000 hours.
The prototype of the 8GHz, 10-W SSPA has been tested in the Northern
Telecom's RD-3 bay. The results showed a residual b it  error rate (BER),
-32with an output power level of 40dBm to be 1.0 x 10 for the SSPA compared 
with 1.0 x 10"23 for the TWT.
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N O N L I N E A R I T Y  IN G a A s  F E T  PO W ER  
A M P L I F Y I N G  D E V IC E S
InJexintf terms Microwatt circuits and systems. Semicon­
ductor devices and materials
MixJcrn microwave communication ^sterns rely heavily on 
the linearity of output stages incorporating GaAs FET 
power amplifying devices. This letter describes a system for 
the automatic nonlinearity measurement in such devices of 
gain and phase angle as functions of input power level and 
frequency, with results leading to significantly improved 
system performance.
It is well known that in a solid-state amplifier, as used for the power output stage of a microwave radio communication 
system, spurious conversion from A M  to AM and from AM to 
PM arising within the amplifier can contribute significantly to group delay distortion, differential gain, differential phase and consequently to intermodular ion distortion.1 3 The amount of spurious conversion introduced is known to depend on the 
level of operation and to be a function of the operating fre­quency. The phenomenon is closely linked with changes in gain (delta gain) and phase angle (delta phase). These have been studied for GaAs FET microwave power amplifying devices as functions of power level and frequency, using the automated system illustrated in Fig. I.In the measurement of gain, the output signal from a test device (DUT) is compared as a ratio with that from a refer­
ence channel in a heterodyne system. A similar arrangement is used for phase angle measurements, IF signals being com­pared in a phase detector. The system has been automated with the aid of a computer (hp 9845 or 9816) in conjunction with a programmable sweep oscillator (hp 8350A) plus broad­band plug-in (hp 83592A). These are used in the generation of a levelled signal of appropriate magnitude, phase and fre­quency. a sample of which is fed into the reference channel of a harmonic frequency convertor (hp 8411 A), whose test channel receives an attenuated version of the signal transmit­ted by the DUT. Power levels at both input and output of the DUT arc monitored by programmable power meters (hp 436A). and results are displayed either via a plotter (hp 7223B) or printer (hp 82905B)..Measurements arc accomplished by programming the sweep oscillator to give a succession of frequencies and to step the power level within the required dynamic range. Six A/D convertor channels are used in total for the input of informa­tion to the computer, covering gate and drain currents and voltages, together with the magnitude and phase of signals transmitted by the DUT.
In order to accommodate repeatability errors, each mea­surement is performed up to ten times, and thadata collected in the form of a matrix [A). The number of rows correspond to 
the number of repetitions, the columns similarly correspond­ing to the stepped power levels. Where changes only in gain or phase arc required, i.e. delta gain or delta* phase, the first 
column of matrix (/I) may be olTsct to zeros, resulting in a matrix III), in which corresponding elements are related by
-  «/i
where
j = row number = I. r
k = column number = I. s
Taking the sum of elements in each column and dividing by the number of measurement repetitions r yields the average data for each test point in the form of a row matrix (C). where
C *= (0. c2, Cy.. ck...ct)
and
Designating by C the row matrix pertaining to calibration and by M the corresponding matrix for a DUT. the difference matrix ID), given by
D = (0. m, — c,. m2 — <'».. mt — ch... m% — rj
describes the deviation from linearity of the DUT. Hence, using appropriate scaling factors to convert from digitised binary numbers to analogue quantities and incorporating power meter readings, all of the required nonlinearity informa­tion may be computed. Software was devised such as to allow 
for a series of calibration subroutines to be followed by appro priatc measurement subroutines.The system is useful for selecting devices appropriate to a particular application, but one major and unexpected bonus from the investigation is revealed by the comparison of results 
in Figs. 2-5. These are for delta gain and delta phase as func­tions of output power and frequency and relate to Fujitsu GaAs FET devices operated under conditions of constant voltage bias as well as the more usual constant current bias. It is to be noted that performance in relation to both gain and phase is significantly improved by using a constant voltage bias.
The reduction in delta gain may be as much as 0 5 dB. while delta phase at 2 dB gain compression may be reduced by up to 6C for output powers approaching 10 W  at 8 GHz
Additionally, advantages for constant voltage bias have been observed in terms of reverse gate current and overall power dissipation. It is possible to gain an understanding of the reasons for the improved performance by considering the device output characteristics in conjunction with the dynamic load line.
This reveals a greater symmetry in the positive and negative swings of the drain current for the constant voltage bias case, since with constant current bias a shift in the mean-gate 
source voltage occurs, leading to a cutoff situation persisting for a greater proportion of the cycle than is affected bv satura­tion. thereby introducing a higher degree of nonlinearity
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Automatic Non-linearity Measurement« of GaAeFET Power Devices I
by H .V . Shurmer and T .C .  Chang 
SUMMARY
Modern ¡ilcrowave communication systems re ly  h e a v ily  on the l in e a r i t y  
of output stages In c o rp o ra tin g  GoAsFLT power a m p lify in g  devices. T h is  paper 
is  devoted to  the d e s c rip tio n  o f  a system fo r  the autom atic measurement of 
deviations from l i n e a r i t y  In  such devices o f  both ga in  and phase angle as 
functions o f inpu t power le v e l and frequency.
In  the r-easureoent o f g a in , the  ou tp u t s ig n a l from a te s t device (O .U .T . )  
is  coi-pared as a r a t io  w ith  th a t from a reference channel in  a heterodyne 
system. A s im ila r  arrangement is  used fo r  phase angle measurements, i . f .  s ig n a ls  
being compared in  a phase d e te c to r. The system has been automated w ith  the a id  
of a computer (hp 984j o r 9 Llb ) in  co n ju n ctio n  w ith  a programmable sweep 
o s c il la t o r  (hp 63SOA) p lu s  broad-band p lu g -in  (hp 83592A). These are used in  
the generation of a le v e lle u  s ig n a l of a p p ro pria te  magnitude, phase and frequency, 
a sample of which i>  fed  In to  the reference channel of a harmonic frequency 
converter (hp 8411A) , whose te s t  channel re ceive s an attenuated v e rs io n  of 
the s ig n a l transm itted  by the D .U .T .  Tower le ve ls  a t both in p u t and ou tp u t 
of the D .U .T . are m onitored by programmable power sisters (hp 436A ) and re s u lts  
are d isp la ye d  e ith e r v ia  a p lo t t e r  (hp 7225B) o r p r in t e r  (hp 82905B).
Measurements ere accom plished by programming the sweep o s c i l la t o r  to  g iv e  
a succession of frequencies and to  step the power le v e l  w ith in  the re q u ire d  
dynamic range. S i*  A/D co n ve rte r channels are used in  to t a l  fo r the in p u t of 
inform ation  to  the com puter, co ve rin g  gate and d ra in  c u rre n ts  and v o lta g e s , 
together w ith  the magnitude and phase o f s ig n a ls  tra n s m itte d  by the D .U .T .
In  order to  acconxDodate r e p e a t a b il ity  e r ro rs , each measurement is  performed 
up tc  lO times and the data c o ilo c te d  in  the form of a m a tr ix (A ). The number 
of rows corresponds to  the number of re p e t it io n s , the columns s im i la r ly  
correapondln<j to  the stepped power le v e ls . Where chsnyes o n ly  in  gain  o r phase
251
a re  re<iUJ.rea, i . o .  a e u a - y a in  o r  u e it a -p n a s e , t_ne n r « L  colum n o r  m atrlx lA J  
may be o ff  set to  ze ros, r e s u lt in g  in  * m a trix  (B )# in  which corresponding
elements are re la te d  by 
b
Jk
a — aJk 31
where 3 “  row number — 1, r
k -  column nixaber -  1, a
Taking the sum o f  elements in  each column and d iv id in g  by the number o f 
measurement re p e tit io n s , r ,  y ie ld s  the average data fo r  each te s t  p o in t in  
the form of a row m a trix (C ) , where
c ™ (O , C j ,  C j ,  •••# c ^ , ••• c^) 
r
and c -  ( 1  b ) / r .
3 -1
D esignating by C the row m a trix  p e rta in in g  to  c a l ib r a t io n  and by U the 
corresponding m atrix  fo r  a D .U .T . ,  the d iffe re n c e  m a t r ix (D ) ,  given by
D — (G, m^  — c^ , m^  — c^ i • ••, ck .............v V
c e s c rib e 3 the d e v ia tio n  from l i n e a r i t y  o f  the D .U .T .  Hence, using a p p ro p ria te  
se a tin g  fa cto rs  to  c o n ve rt from d ig i t iz e d  b in a ry  numbers t o  analogue q u a n tit ie s  
and in c o rp o ra tin g  power m eter re a d in g s , a l l  o f the re q u ire d  n o n -l in e a r i t y  
in fo rm a tio n  may be computed.
BASIC waa used as th e  p ro g ra m in g  Inrguage t r  im plem enting the procedures 
o u tlin e d  and the programme arranged la r g e ly  as s u r -ro u t in e s  from the vie w p o in t 
of v e r s a t i l i t y .  Results a re  given f o r  measurements on i n d iv id u a l  GaAsFET d e vice s. 
I t  han oeen found th a t a sim ple b ia s s in g  c i r c u i t  d e liv e r in g  a constant gate 
vo lta g e  has s ig n if ic a n t  advantages f o r  l i n e a r i t y  compared w it h  the more usual 
form o f network g iv in g  constant d ra in  c u rre n t , one p a r t i c u la r  type o f device 
(F u j it s u  FLK778S-8c ) being improved in  terms of d e lta -g a in  by up to  0 .5  dr and 
In  d e lta -p h a se  by up to  8 degrees, fo r  ou tp u t powers approaching IO watts at
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8 G H z. 10 W  S O L I D - S T A T E  P O W E R  
A M P LIFIE R  F O R  M I C R O W A V E  D IG ITA L  
R A D IO
Indexing term s: Microwave circuits and systems. Amplifiers
An 8 GHz, 10 W GaAs FET prototype power amplifier has 
been developed to replace the TW T in the Northern 
Telecom's digital microwave radio system. For a single bit 
stream of 91 04  Mbit/s, the residual bit error rate at 40 dBm 
output level was 10  x 10" 33 compared with 1 0  x 1 0 "23 for 
TW T; the AM/AM conversion ratio was 0 375 dB/dB and 
AM/PM was 0  84°/dB. The total mean time between failure 
of the amplifier was 350000 h.
The RD-3 is Northern Telecom's long-haul (6560 km) digital microwave radio system, capable of transmitting and receiving a single bit stream of 91 04 Mbit/s RF channel, giving it a capacity of 1344 VF channels. There are 12 RF channels oper­
ating in the 7 725-8 275 GHz common carrier band.11 This digital radio has been in service since 1978 using a 10 W  TWT in the transmitter. In order to replace the TWT by a solid- state power amplifier (SSPA), a prototype of a 10 W, 8 GHz SSPA has been developed.The SSPA is composed of five unit amplifier modules. Modules 1, 3 and 4 consist of two cascaded amplifiers, each using Fujitsu FSX51WF and FSX52WF, FSX52WF and 
FLC081WF. FLC253MH-8 and FLM7785-4C devices, respectively. Module 5 is a balanced amplifier module using 
two FLM7785-8C internally matched devices. Finally, module 2 contains a PIN diode attenuator, serving as an RF element for automatic level control (ALQ in the overall amplifier.Fig. 1 shows the block diagram for the seven-stage 10 W
module 1: module 2:module 3 module 4modules9an « <jb gc»n- gam !4 6dB gam 13 6gam 5 4 dBodjusted dB-9 6 dB . js./-o-OO^_ X > o {H>-
•"put rm m  output
Fig. 1 Block diagram fo r  seven-stage 10 W solid-state power amplifier
amplifier. Fig. 2 is the top view of the SSPA with the housing cover removed.CThe amplifier modules were designed using CAD techniques (Super-Compact™). Modules 1-4 were designed as linear amplifiers. Power dividing and combining in module 5 were performed with 3 dB branch-type microstrip couplers using the golden-ratio searching optimisation tech­nique.* It is interesting to note that the total circuit loss is only 0-8 dB over the 2-8 in length of module 5, including four DC block capacitors and two 40 dB couplers for sampling the RF signal. Microstrip circuits were fabricated on
* cheng, T. c.: (unpublished work)
25 x 10"3 in-thick Duroid substrate with a relative dielectric 
constant of 10 2.A constant gate voltage biasing network was adopted and optimised. It has already been shown3 that by using a con­
stant gate voltage biasing circuit makes a considerable differ­ence to the GaAs FET amplifier as far as linearity is 
concerned. Using the FLM7785-8C device, for example, due to the RF signal drift, the measured reverse gate current was
Fig. 2 Photograph o f  the prototype 10 W solid-state power amplifier
less than 0 5 mA in the constant gate biasing case, while, with constant drain biasing, the current can go as high as 2 79 mA. The abundance of gate current in the latter case can be very damaging to the device as far as lifetime is concerned.
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The SSPA was evaluated over a wide ambient temperature range from — 10°C to 50°C under forced air cooling condi­tions. Fig. 3 shows the output power against frequency
ghh]
Fig. 3 Output power response o f  the SSPA over a  wide ambient tem­
perature range
Top trace: at -  10°C; centre trace: at 27“C ; bottom trace: at 50"C 
Vertical scale: 1 dB/div. Reference at centre line is calibrated at 
40 dBm
Horizontal scale: 60 MHz/div, from 7-7 to 8 3 G H z
response at three temperatures: — 10°C, 27°C and 50°C. The variation in the output power over the temperature range was 18 dB maximum at the rated output power level. Power output against power input is shown in Fig. 4, when the output power level was at 40 dBm and the ALC circuit was in
Fig. 4 Output power against input power o f  the SSPA 
Frequency. G H z Gain, dB 
Curve 1 7 700 50-82
Curve 2 8 000 32 79
Curve 3 8 300 32 56
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the OFF position, the corresponding input power was — 12 dBm at 8 GHz. The AM/AM conversion ratio, defined as A w a s  0 375 dB/dB, and the AM/PM conversion ratio, defined as A phase/AP ^ , was 0-84°/dB. The third-order intermodulation distortion was also measured using ¡he method described by Hciter.4 This method involved the inject­ing of two equal amplitude signals, 7990 MHz and 8000 MHz, separated in frequency by 10 MHz. The extrapolated third- order intermodulation intercept turned out to be 49 dBm.The GaAs FET device’s overall performance and oper­ational lifetime depend strongly on the operating temperature. A theoretical model and a measurement technique have been developed by Huang et a l.5m6 to determine the FET operating temperature and thermal resistance. The temperature was measured on the prototype 8 GHz, 10 W  SSPA installed in the Northern Telecom’s RD-3 digital microwave radio bay. The room temperature was 27°C, and the ambient tem­perature (the bay) was 37°C. The total DC power dissipation was 65 W, and the thermal resistance of the FLM7785-8C device was 4°C/W, with VdM = 10 V and l dt = 21 A. Hence, the temperature from the case to the junction of the transistor rose to 84°C. The junction temperature of the transistor reached 140°C, which corresponded to the total mean time between failure (MTBF) of the SSPA as 350000 h. The residual bit error rate (BER), with an output power level of 40 dBm, was 10x 10-32 for the SSPA compared with 10 x 10‘23 for the TWT.
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